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FOREWORD 


\ 

ARINC  Research  Corporation  is  conducting  an  economic  analysis  of  Test 
Measurement  and  Diagnostic  Equipment  (TMDE)  from  the  U.S.  Army  Communications 
Command  (USACC)  Preferred  Items  List  (PIL).  The  analysis  is  being  performed  for 
the  U.S.  Army  Electronics  Command,  Fort  Monmouth,  and  USACC,  Fort  Huachuca. 

This  study  is  being  conducted  in  five  phases,  with  the  overall  objective  being 
to  evaluate  the  potential  economic  benefits  of  adoption  of  the  complete  PIL.  Details 
of  Phase  III,  an  economic  analysis  of  selected  TMDE,  are  described  in  this  report. 
The  report  is  divided  into  two  volumes,  the  first  volume  being  a management  sum- 
mary and  the  second  (this  document)  providing  detailed  results. 

Phases  I and  II  of  the  TMDE  economic  analysis  were  reported  upon  in  previous 
publications  of  ARINC  Research  Corporation. 
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INTRODUCTION,  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


1.1  INTRODUCTION 

This  report  presents  the  results  of  an  economic  anaiysis  performed  by  ARINC 
Research  Corporation  for  the  U.S.  Army  Electronics  Command  (USAECOM),  Fort 
Monmouth,  New  Jersey,  and  U.S.  Army  Communications  Command  (USACC),  Fort 
Huachuca,  Arizona.  The  analysis  was  conducted  as  Phase  III  of  a projected  five- 
phase  program  to  assess  the  economic  benefits  of  standardizing  the  USACC  Preferred 
Items  List  (PIL)  of  Test  Measurement  and  Diagnostic  Equipment  (TMDE).  The  five 
pha.=es  of  the  program  are: 

Phase  I - Development  of  a TMDE  life  cycle  cost  (LCCi  estimation 
methodology  and  selection  of  three  PIL  TMDE  for  detailed 
economic  analysis. 

Phase  II  — Determination  of  the  availability  of  data  required  to  conduct 
the  economic  analysis  of  the  three  selected  TMDE. 

Phase  ni  — Conduct  of  the  economic  analysis  of  the  selected  TMDE. 

Phase  IV  — Development  of  a methodology  for  evaluating  the  economic 
impact  of  standardizing  the  complete  PIL,  based  upon  the 
results  of  Phases  I,  II,  and  III, 

Phase  V — Evaluation  of  the  economic  impact  of  standardizing  the  com- 
plete PIL,  using  the  methodology  developed  during  Phase  IV. 


This  report  has  been  prepared  in  accordance  with  the  format  specified  in  data 
item  A002  of  the  Contract  Data  Requirements  List  (DD  Form  1423L  dated  14  Januarv 


Section  1 presents  an  introduction  and 
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descl’iption  of  the  Phase  III  activity;  a summary  of  the  results  of  the  study;  and 
conclusions  and  recommendations  that  can  be  drawn  from  the  findings.  Section  2 
describes  the  technical  approach  used  to  perform  the  tasks  in  Phase  III,  and  presents 
the  anal^dical  results.  Presented  in  the  appendix  are  detailed  analytic  and  support 
data. 

1.1.1  Background 

USACC  has  conceived  a Management  improvement  Program  (MIP)  for  TMDE 
having  the  objectives  of  assuring  that,  for  mission-essential  TMDE,  100*^  are  fully 
supportable  and  95^  are  in  a serviceable  and  calibrated  status  and  available  for 
immediate  use.  To  achieve  these  objectives,  the  following  goals  must  be  met: 

a.  Reduction  of  the  quantity  of  different  makes  and  models  of  TMDE  by 
establishing  commonality  and  eliminating  unnecessary  duplication. 

b.  Control  of  TMDE  proliferation  through  mandatory  procurement  of 
standard  supportable  TMDE. 

c.  Elimination  of  redundant  and/or  nonsupportable  TMDE  from  the  inventory. 

Approximately  250  TMDE  items  were  originally  selected  as  the  minimum  essen- 
tial needed  to  meet  the  above  objectives,  and  were  organized  into  a Preferred  Items 
List.  USACC  has  also  prepared  a TMDE  cross-reference  list  (TCR)  to  correlate  the 
present  inventory  of  TMDE  (non-PIL)  with  those  TMDE  selected  for  the  PIL, 

An  analysis  was  then  initiated  in  June  1974  to  evaluate  the  potential  cost  benefits 
of  implementation  of  the  PIL  and  subsequent  reduction  and  eventual  elimination  of 
redundant  and/or  nonsupportable  TMDE.  Responsibility  for  this  study  was  assigned 
to  I'SAECOM.  Specific  objectives  of  the  economic  study  are: 

a.  To  conduct  a detailed  LCC  analysis  of  three  specific  TMDE  from  the  PIL. 
and  the  non-PIL  TMDE  they  would  replace. 

b.  To  assess  the  overall  economic  impact  of  the  complete  PIL. 

USAECOM  was  assisted  by  ARINC  Research  in  the  development  of  the  approach 
and  requirements  of  a program  to  accomplish  the  above  objectives.  The  program  is 
divided  into  the  five  phases  defined  in  Section  1. 1.  The  Corporation  has  now  com- 
pleted the  first  three  of  these  phases  under  Contract  DAEA18-72-A-0005,  a basic 
ordering  agreement  with  USACC. 
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1.1.2  Ileview  of  Phase  I 


t 


I 


I 

I 

i 

I 

I 

I 

I 


In  Phase  I of  the  program,  ARINC  Research  developed  a life  cycle  cost 
estimation  methodology'  for  TMDE.  The  methodology  provides  a technique  for  com- 
puting 11  TMDE-associated  cost  elements:  training,  purchasing,  personnel,  first 
destination  transportation,  maintenance  transportation,  consumables,  introduction, 
holding,  documentation,  installation,  and  disposal. 

Also  during  that  phase,  three  PIL  TMDE  and  the  corresponding  (functionally 
similar)  non-PIL  TMDE  were  selected  for  economic  analysis,  using  detailed  selec- 
tion criteria  developed  by  ARINC  Research  under  the  guidance  of  USACC.  Results 
of  the  Phase  I effort  are  presented  in  ARINC  Research  publication  1072-01-1-1316, 
dated  August  1974. 

1.1.3  Review  of  Phase  II 

Phase  II  entailed  an  evaluation  of  the  sources  and  availability  of  the  input  data 
required  to  implement  the  life  cycle  cost  methodology  developed  under  Phase  I. 
Considerable  data  on  the  selected  PIL  and  the  corresponding  non-PIL  TMDE  were 
collected  for  use  in  the  subsequent  Phase  III  economic  analysis. 

Details  of  the  Phase  II  study  appear  in  ARINC  Research  publication 
1072-01-2-1333,  dated  November  1974. 

1.2  PHASE  III  ACTIVITY 

Phase  III  of  the  study,  described  in  this  report,  was  an  economic  analysis  of 
three  selected  PIL  TMDE  and  the  corresponding  non-PIL  TMDE.  The  objectives, 
tasks,  and  scope  of  this  phase  are  described  below. 

1.2.1  Objectives  of  Phase  III 

Objectives  of  Phase  III  were: 

a.  To  establish  a data  base  for  exercising  the  LCC  methodology  developed 
for  PIL  and  non-PIL  TMDE. 

b.  To  develop  a computation  program  for  implementing  the  LCC  methodology 
for  the  economic  evaluation  of  the  subject  TMDE,  and  for  application  in 
Phases  IV  and  V of  the  program. 


c.  To  conduct  an  economic  analysis  of  the  three  selected  PIL  TMDE,  and  the 
corresponding  non-PiL  TMDE,  and  provide  the  economic  information 
required  to  initiate  a Determination  and  Finding  (D&F)  procedure  for  that 
equipment. 

d.  To  address  in  detail  the  impact  of  ASPR  3-213,2*,  and  the  quantifiable  and 
nonquantifiable  benefits  associated  with  complete  standardization  of  PTL 
TMDE, 

1.2.2  Phase  Ifl  Tasks 

The  major  tasks  performed  to  accomplish  the  Phase  III  objectives  were: 

a.  Task  1 - Establish  an  LCC  data  base  for  the  economic  analysis. 

b.  Task  2 — Develop  a computation  program  for  the  LCC  methodology. 

c.  Task  3 - Conduct  the  economic  analysis. 

d.  Task  4 — Conduct  a sensitivity  analysis. 

e.  Task  5—  Analyze  the  results  of  the  LCC  analysis. 

1.2.3  Scope  of  Phase  III 

The  scope  of  Phase  III  was  limited  to  the  three  PIL  TMDE  selected  during 
Phase  I and  the  non-PIL  TMDE  that  they  can  replace.  The  TMDE  were  categorized 
into  three  major  groups,  each  containing  the  PIL  TMDE  and  corresponding  non-PIL 
TMDE,  A brief  technical  description  of  each  PIL  item  is  given  in  Appendix  A -5. 

The  general  makeup  of  these  groups  is  as  follows: 

a.  Group  A consists  of  spectrum  analyzers:  the  AN/USM-366(V)1  (a  PIL 
TMDE)  and  11  non-PIL  TMDE. 

b.  Group  B includes  frequency  counters,  both  mainframe  and  plug-in  TMDE 
items,  in  four  subgroups: 

- Group  IB  — CP-772A/U  (a  PIL  TMDE),  and  28  non-PIL  TMDE 

— Group  2B  - CV-2002/U  (a  PIL  TMDE  plug-in)  and  G nor.- PIL  TMDE 
plug-ins. 


*ASPR  3-213,  Technical  Equipment  Requiring  Standardization  and  InterchangeabilitA- 
of  Parts;  ASPR  3-213.2,  Application. 
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- Group  3B  - CV-2003B/U  (a  PIL  TMDE  plug-in)  and  2 non-PlL 
TMDE  plug-ins. 

- Group  4B  - CV-3059/U  (a  PIL  TMDE  plug-in)  and  2 non-PIL  TMDE 
plug-ins. 

c.  Group  C consists  of  rf  power  meters;  the  432A  (a  PIL  TMDE  currently 
designated  as  the  ME-441/U)  and  six  non-PIL  TMDE. 

The  complete  nomenclature  for  the  equipment  in  these  groups  is  given  in  Appen- 
dix A-1. 

The  study  assumptions  and  constraints  defined  in  Section  1,4. 1.2.1  of  the 
Phase  I report  were  applied  to  the  Phase  III  analysis.  A major  assumption  made 
during  Phase  I was  that  each  PIL  TMDE  can  potentially  replace  only  one  non-PIL 
TMDE  in  the  USACC  inventory.  Therefore  the  potential  for  reducing  the  total  USACC 
inventory  of  TMDE  inherent  in  the  PIL  concept  (because  the  more  versatile  PIL  items 
can  potentially  replace  more  than  one  non-PIL  TMDE)  was  not  addressed  quantitatively 
in  this  study.  However,  an  analysis  was  performed  to  estimate  the  impact  of  this 
potential  benefit  on  a parametric  basis. 

1.3  SUMMARY  OF  PHASE  III  RESULTS 

During  Task  1 of  Phase  III,  the  LCC  equations  for  transportation  and  con- 
sumables were  revised  from  the  form  developed  during  Phase  I.  A cost  equation 
was  obtained  for  transportation  th  ->6  ids  on  TMDE  weight,  distance  to  point  of 
operation  or  maintenance,  cost  of  transportation  per  pound,  and  number  of  times 
failed  or  calibrated.  A cost  equation  was  obtained  for  consumables  that  depends  on 
the  MTBF  of  the  TMDE. 

Additionally,  an  LCC  model  was  developed  for  the  economic  analysis.  The  model 
considers  the  11  cost  elements  defined  during  Phase  I,  and  serves  as  the  basis  for 
determining  the  life  cycle  costs  of  the  PIL  and  non-PIL  TMDE  selected  for  analysis. 

The  input  data  necessary  for  the  LCC  model  were  identified  for  the  subject 
TMDE.  Two  major  sets  of  data  were  established: 

a.  File  data  for  each  PIL  and  non-PIL  TMDE,  encompassing  item  characteris- 
tics data  such  as  MTBF,  unit  cost,  level  of  calibration,  and  item  scenario 
data  describing  the  quantity  bought,  operated,  maintained  and  disposed  of. 
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b.  Program  data,  representing  data  items  common  to  all  of  the  TMDE. 

Examples  of  program  data  are  the  cost  of  training  the  military  occupational 
specialty  (MOS)  performing  A-level  calibration,  and  the  turnover  rate  of  the 
different  MOS  operating  TMDE  within  USACC. 

The  computer  program  for  the  life-cycle  cost  model  was  developed  during 
Task  2.  This  program  was  validated  and  implemented  on  the  Burroughs  5700  time 
sharing  system  at  Fort  Monmouth,  and  on  the  CDC  KRONOS  time-share  system  at 
ARINC  Research,  The  program  was  designed  to  accept  file  data  for  each  PIL  TMDE 
and  its  corresponding  non-PIL  equipment,  and  compute  the  annual  and  cumulative  life- 
cycle  costs  over  a 10-year  period.  The  computer  program  and  development  are  dis- 
cussed in  Section  2.2. 

The  economic  analysis  of  the  three  selected  PIL-TMDE  was  performed  during 
Task  3,  premised  on  three  different  scenarios  for  the  procurement  and  use  of  TMDE. 
Table  A summarizes  the  life-cycle  cost  exercises  performed. 


TABLE  A.  SUMMARY  OF  SCENARIO  EXERCISES 


Scenario 

- 

Option 

TMDE 

Group(s) 

Evaluated 

Description  of  Exercise 

1 

— 

A,  B,  C 

LCC  of  PIL  and  non-PIL  TMDE 

2 

1 

A 

Phase-in  of  PIL  TMDE  to  replace  non-PIL  TMDE 
(10%) 

2 

2 

A 

Phase-in  of  non-PIL  TMDE  to  replace  non-PIL 
TMDE  (lO';?) 

2 

3 

A 

Phase-in  of  PIL  and  non-PIL  TMDE  mix  (10%) 

3 

1 

A,  B,  C 

Phase-in  of  PIL  TMDE  to  replace  non-PIL  TMDE 
(USACC  plan) 

3 

2 

A,  B,  C 

Phase-in  of  non-PIL  TMDP^  to  replace  non-PIL 
TMDE  (USACC  plan) 

3 

3 

A 

Pha.<e-in  of  PIL  and  non-PIL  TMDE  mix  (USACC 
plan) 

The  first  scenario  considers  the  life  cycle  cost  of  TMDE  and  assumes  that  each 
type  is  procured  in  1975,  operated  and  maintained  for  10  years,  and  disposed  of  in 
1984.  This  baseline  scenario  was  utilized  to  calculate  the  life  cycle  costs  of  the  three 
PIL  TMDE  and  their  corresponding  non-PIL  TMDE.  A comparison  of  the  resultant 
data  clearly  demonstrates  that  significant  cost  benefits  are  to  be  derived  from  stand- 
ardization of  the  PIL. 

The  second  and  third  scenarios  represent  various  alternatives  for  the  procure- 
ment and  use  of  TMDE  by  USACC  or  USAECOM.  Scenario  2 involves  the  replacement 
of  the  non-PIL  TMDE  at  a fixed  rate  of  10%  per  year  during  the  10-year  life  cycle. 
Scenario  3 is  a replacement  approach  developed  by  USACC,  based  on  a variable  rate 
of  annual  replacement  of  non-PIL  TMDE. 

Scenarios  2 and  3 were  designed  to  permit  investigation  of  the  economic  impact 
of  replacing  non-PIL  TMDE  according  to  three  options:  1)  phasing-in  PIL  TMDE  to 
replace  non-PIL  TMDE,  i.e. , complete  standardization  of  the  PIL;  2)  replacement  of 
non-PIL  TMDE  with  non-PIL  TMDE,  a situation  that  might  occur  if  standardization 
were  not  implemented  or  if  the  PIL  did  not  exist;  and  3)  selective  replacement  of 
existing  non-PIL  TMDE  by  phasing  in  a mixture  of  PIL  and  non-PIL  TMDE.  Since 
scenario  3 represents  a more  realistic  approach  to  the  replacement  of  non-PIL  TMDE, 
it  was  examined  before  scenario  2 and  is  therefore  also  discussed  in  that  relative 
sequence  throughout  this  report. 

Results  of  the  different  scenario  exercises  revealed  that  option  1,  replacement 
of  non-PIL  TMDE  with  PIL  TMDE,  is  the  most  economically  favorable. 

Scenario  1 was  further  evaluated  in  terms  of  three  different  cases  (see  Table  B) 
considered  to  have  a possible  economic  impact  on  standardization  of  the  PIL  TMDE. 

Case  1 was  defined  to  measure  the  benefits  that  might  accrue  from  the  introduction  of 
an  initial  parts  stockage  concept  for  TMDE  maintenance,  i.  e. , the  economic  advantage 
of  a consumables  provisioning  inventory.  Back-up  TMDE  are  maintained  in  the  inven- 
tory as  spare  equipment,  used  to  replace  mission-critical  TMDE  in  neer'  of  repair; 
and  serve  as  substitutes  for  equipment  awaiting  repair  due  to  the  unavailability  of 
necessary  spare  parts  or  consumables.  Whereas  the  low  density  of  each  non-PIL 
TMDE  precludes  consideration  of  such  an  inventory  program,  the  PIL  concept 
increases  the  density  of  specific  TMDE  to  a point  where  such  a program  might  be  of 
value.  Results  of  this  case  demonstrate  that  standardization  will  provide  cost  benefits 
when  an  initial  stockage  program  for  consumables  is  adopted  for  high-density  PIL  TMDE. 
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TABLE  B.  SUMMARY  OF  CASE  EXERCISES 


Case 

TMDE 

Group(s) 

Evaluated 

Description  of  Exercise 

1 

A 

Initial  stockage  of  consumables  for  PIL  TMDE 

2 

A 

LCC  of  PIL  and  non-PIL  TMDE;  0%  inflation,  0%  discounted 
cash  flow 

2 

A 

LCC  of  PIL  and  non-PIL  TMDE;  Ofc  inflation 

2 

A 

LCC  of  PIL  and  non-PIL  TMDE;  09c  discounted  cash  flow 

3 

B,  C 

LCC  of  PIL  TMDE  with  volume  discount 

i Case  2 was  evaluated  to  indicate  the  relative  effects  (PIL  vs,  non-PIL)  of  infla- 

■ tion  and  discounted  cash  flow  on  TMOE  life  cycle  costs.  Computations  were  made 

for  the  life  cycle  costs  of  each  PIL  TMDE  using  various  combinations  of  inflation  and 
► ' discounted  cash  flow  factors.  No  significant  changes  were  noted  in  the  relative  life 

cycle  costs  of  PIL  and  non-PfL  TMDE  from  these  computations. 

Case  3 was  evaluated  to  demonstrate  the  economic  impact  upon  standardization 
of  the  PIL  if  the  procurement  quantity  of  one  tvqje  of  TMDE  increases  sufficiently  to 
result  in  a discount  from  the  manufacturer  through  volume  procurements.  Results 
of  this  evaluation  show  that  with  the  advent  of  standardization,  the  life  cycle  costs  of 
PIL  TMDE  will  be  further  decreased  from  the  amounts  determined  for  the  scenario 
exercises  by  virtue  of  the  benefits  obtained  from  volume  discounts. 

’ The  computer  exercises  for  the  three  cases  arc  discussed  in  Section  2.3. 

The  sensitivity  of  the  life  cycle  costs  developed  in  this  study  to  variations  in 
, certain  key  input  data  (e.  g. , MTBF)  was  investigated  during  Task  4,  and  is  described 

in  Section  2.4.  The  sensitivity  analysis  was  performed  for  a full  range  of  values  of 
- each  input-data  element  analyzed. 

>k 

An  important  observation  during  this  study  was  that  the  MTBF  of  the  PIL 
TMDE  of  Group  B (CP772A^U)  is  lower  than  anv  of  the  non-PIL  TMDE  it  can  poten- 
tially replace.  Therefore,  standardization  could  provide  a nonquantifiable  benefit, 
i.e. , the  densitv  of  the  item  would  be  increased  to  the  extent  that  a design  studv  to 
improve  the  MTBF  and  consequently  decrease  life  cvcle  costs  would  be  justific'd. 
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Another  observation  from  the  sensitivity  analysis  was  that  the  number  of  hours 
spent  operating  TMDE  is  critical  to  the  life  cycle  cost.  Therefore  the  potential  non- 
quantifiable  benefit  of  improved  personnel  efficiency  could  reduce  the  life  cycle  costs 
for  PIL  TMDE  because  of  the  attendant  reductions  in  the  number  of  hours  the  PIL 
TMDE  is  operated.  An  attendant  benefit  would  be  improved  morale  among  the 
USACC  personnel  associated  with  TMDE. 

A third  major  nonquantifiable  benefit  noted  is  that  certain  PIL  TMDE,  such  as 
the  CP772A/U  (a  subject  of  this  study),  have  extended  functional  capability  over  many 
of  the  non-PIL  TMDE  it  can  replace.  This  added  capability  could  result  in  a decrease 
in  the  density  of  TMDE  required  to  support  C-E  end  items  within  USACC. 

1.4  CONCLUSIONS  AND  RECOMMENDATIONS 

The  section  presents  the  major  conclusions  and  recommendations  from  the 
Phase  III  economic  analysis  for  the  TMDE  groups  addressed  in  the  Summary  and 
defined  in  Section  1.2.3. 

1.4.1  Conclusions 

a.  For  the  baseline  scenario  (1),  the  life  cycle  costs  of  PIL  TMDE  are 
significantly  less  for  all  three  groups  than  those  of  the  corresponding 
non-PIL  TMDE.  If  the  three  PIL  items  were  standardized,  the  cost 
savings  for  Groups  A,  B,  and  C would  be  $1.46  million,  $1.97  million, 
and  $1.85  million,  respectively.  The  percent  differences  in  LCC 
between  the  PIL  and  non-PIL  TMDE  would  be  61%,  10%,  and  82%, 
respectively. 

b.  For  scenario  2 (10%  fixed  replacement),  the  life  cycle  costs  of  option  1 
(phase-in  of  PIL  items)  is  $1.06  million  less  than  that  of  option  2 (phase-in 
of  non-PIL  items).  The  life  cycle  costs  of  option  1 are  70%  less  than  for 
option  2. 

c.  For  scenario  2,  the  life  cycle  costs  of  option  3 (phase-in  of  PIL  and  non- 
PIL  TMDE  mixture)  are  approximately  $1  million  less  than  for  option  2 
(phase-in  of  non-PIL  TMDE).  For  scenario  3,  the  life  cycle  costs  of 
option  3 are  $1.2  million  less  than  for  option  2.  From  this  it  is  concluded 
that  when  PIL  TMDE  are  standardized,  technology  upgrading  by  phasing  in 
a second  PIL  TMDE  would  not  result  in  significantly  higher  life  cycle 
costs. 
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For  scenario  3 (USACC  deployment),  the  total  life  cycle  cost  of  option  1 
(phase-in  of  PIL  TMDE)  is  significantly  less  than  that  for  option  2 
(phase-in  of  non-PIL  I'MDE)  for  all  three  TMDE  groups.  If  the  three  PIL 
items  were  standardized,  the  cost  savings  for  Groups  A,  B,  and  C would 
be  $1. 23  million,  $1. 55  million,  and  $1. 18  million,  respectively.  The 
respective  percent  differences  in  LCC  would  be  68*^,  9%,  and  89'^. 

The  differences  in  life  cycle  costs  for  option  1 of  scenarios  2 and  3 con- 
firm that  different  replacement  conditions  impact  on  the  life  cycle  costs 
of  TMDE. 

Standardization  of  PIL  TMDE  could  result  in  further  cost  benefits  attrib- 
utable to  the  greater  usage  of  specific  equipment  types  as  demonstrated 
below  by  the  results  of  cases  1 and  3,  respectively; 

— Case  1;  A more  cost-effective  stocking  system  could  be  established  for 
provisioning.  If  an  initial  parts  stockage  program  were  implemented  for 
the  PIL  TMDE  of  Group  A,  their  life  cycle  costs  would  be  10%  less  than 
that  shown  in  item  a,  above,  if  the  current  system  of  "backup  TMDE" 
were  maintained. 

— Case  3:  USACC  could  procure  items  at  reduced  cost,  such  as  associated 
with  manufacturer  discounts.  For  Group  B TMDE,  the  life  cycle  costs 
would  be  approximately  10%  less  than  shown  in  item  a,  above,  upon  pro- 
curement of  sufficient  volume  to  obtain  a manufacturer’s  discount. 

The  application  (per  Case  2)  of  inflation  and  discounted  cash  flow  to  the 
economic  analysis  does  not  impact  significantly  on  any  of  the  conclusions  of 
this  study. 

Standardization  of  PIL  TMDE  would  lead  to  a reduction  in  the  number  of 
different  TMDE  items  with  which  operation,  calibration,  and  maintenance 
personnel  have  to  be  concerned,  and  hence  their  efficiency  would  improve. 
While  this  benefit  is  nonquantifiable,  there  would  doubtless  be  an  attendant 
decrease  in  the  time  required  to  utilize  (i.e.,  operate)  the  TMDE  and, 
consequently,  a reduction  in  the  total  life  cycle  costs  of  PIL  TMDE  beyond 
that  computed  during  this  study. 

Another  nonquantifiable  benefit,  potential  reliability  improvement  of 
TMDE,  could  be  realized  upon  standardization  of  PIL  TMDE.  Standardi- 
zation would  permit  closer  attention  to  TMDE  reliability  problems  (there 
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being  fewer  equipment  types  with  which  to  be  concerned),  and  the  product 
improvement  programs  thus  encouraged  could  result  in  improved  reli- 
ability. The  overall  effect  of  this  improvement  in  reliability  would  be  a 
decrease  in  life  cycle  costs  as  well  as  greater  availability  of  the  TMDE. 

j.  A major  nonquantifiable  benefit  of  standardization  is  the  implementation  of 
items  that  provide  extended  capability  for  test  measurement  and  diagnosis 
beyond  that  available  for  the  TMDE  currently  in  the  inventory.  The 
CP772A/U  (Group  B)  offers  an  extended  range  for  frequency  measurements  - 
up  to  12.4  GHz  with  the  use  of  three  different  plug-ins.  * At  least  six  differ- 
ent non-PIL  TMDE  would  be  required  to  perform  similar  measurements.  If 
this  possible  reduction  in  the  density  of  PIL  TMDE  of  Group  B is  realized, 

a significant  cost  savings  would  result  (e.g. , about  $4  million  for  a 209? 
reduction). 

k.  For  the  baseline  scenario  exercises,  the  total  life  cycle  costs  obtained  are 
sensitive  to  variations  in  key  parameters  as  follows: 

1)  A 20%  increase  in  the  number  of  hours  of  personnel  operation  for  PIL 
TMDE  of  Groups  B and  C would  be  necessary  to  make  their  life  cycle 
costs  equal  to  that  on  the  non-PIL  TMDE  within  these  groups. 

2)  A 100%  increase  in  the  number  of  hours  of  personnel  operation  for 
PIL  TMDE  of  Group  A would  be  necessary  to  make  its  life  cycle  costs 
equal  to  that  of  the  non-PIL  in  the  group. 

3)  The  life  cycle  costs  of  PIL  TMDE  of  Groups  A and  C are  not  changed 
appreciably  by  a 50%  increase  in  the  cost  of  consumables. 

4)  The  cost  of  consumables  would  have  to  increase  50^  to  make  the  life 
cycle  cost  PIL  TMDE  of  Group  B equal  to  that  of  the  non-PIL  TMDE 
within  the  group. 

5)  Life  cycle  costs  for  all  equipment  groups  are  not  appreciably  affected 
by  variations  in  the  cost  per  page  of  documentation. 

6)  Life  cycle  costs  of  Groups  A and  C equipment  are  not  appreciably 
affected  by  variations  in  MTBF  or  MTTR. 

♦A  fourth  plug-in  now  exists  for  the  CP772A/U  which  extends  the  range  of  frequency 
measurements  to  18  GHz.  This  plug-in  was  not  considered  in  the  Phase  III  economic 
analysis  because  it  was  not  identified  during  the  selection  of  items  for  the  Phase  I 
activity. 
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1,  A decrease  in  MTBF  of  509r  for  Group  B PIL  TMDK  would  make  their  j 

Jl 

life  cycle  cost  equal  to  that  of  the  non-PlL  TMDE  in  the  group.  j 

The  cost  elements  of  transportation,  installation,  and  disposal  have  minor  | 

impact  on  the  life  cycle  costs  of  the  three  PIL  TMDE  analyzed  during 
Phase  III. 

1.4.2  Recommendations 

Based  on  the  results  of  this  investigation,  it  is  recommended  that; 

a.  USACC  implement  standardization  for  the  three  PIL  TMDE  analyzed  in 
this  study. 

b.  Efforts  be  initiated  to  evaluate  the  economic  effects  of  standardizing  the 
complete  PIL,  through  the  performance  of  Phases  IV  and  V of  the 
economic  analysis. 

c.  An  evaluation  be  made  of  the  implementation  of  a consumables  stockage 

program  for  TMDE,  based  upon  an  initial-stockage  approach.  Such  a pro-  | 

gram  should  result  in  a decrease  in  the  life  cycle  costs  of  TMDE. 

d.  A detailed  cost  analysis  be  made  of  the  effects  of  using  PIL  TMDE  that  have 
a functional  capability  beyond  that  of  the  non-PIL  TMDE  they  replace.  Such 
an  analysis  would  provide  information  on  ways  that  USACC  could  reduce  the 
density  of  TMDE,  and  possibly  the  number  of  personnel  needed  to  operate 
these  TMDE. 

e.  A study  be  made  to  optimize  (i.  e. , minimize)  the  life  cycle  costs  associ- 
ated with  phasing  in  PIL  TMDE  to  replace  non-PIL  TMDE. 

f.  An  investigation  be  made  to  determine  if  a reliability  improvement  program 
would  be  economical  and  result  in  improved  MTBF  for  the  PIL  TMDE  of 
this  study.  Such  a program  would  assure  that  the  MTBF  of  PIL  TMDE  of 
Group  B,  which  is  low  relative  to  the  MTBFs  of  other  TMDE,  would  improve 
and  thus  lead  to  substantial  cost  savings. 


Section  2 

TECHNICAL  APPROACH,  DETAILED  RESULTS,  AND  ANALYSIS 


The  technical  approach  to  accomplishing  Phase  HI  of  the  economic  analysis  of 
three  selected  PIL  TMDE  and  the  non-PIL  they  can  replace  consisted  of  seven  major 
tasks,  as  fol’ows: 

• Task  1 was  the  development  of  the  life  cycle  cost  model  for  the  economic 
analysis,  and  the  acquisition  of  the  data  required  to  exercise  the  model. 

• Task  2 was  the  preparation  of  a software  program  to  implement  the  cost 
model  on  a computer  system. 

• Task  3 was  the  conduct  of  the  economic  analysis  for  more  than  60  TMDE 
items. 

• Task  4 was  an  investigation  of  the  dependence  of  the  results  of  Task  3 
upon  variations  of  certain  key  input  data. 

• Task  5 was  an  evaluation  of  the  results  of  the  life  cycle  cost  analysis  and 
sensitivity  analysis. 

• Task  6 was  to  provide  USAECOM  with  monthly  progress  reports  and  this 
final  report. 

• Task  7 comprised  the  activities  necessary  to  brief  USAECOM  and  USACC 
at  two  steering  committee  meetings.  During  the  first  meeting,  the 
activities  and  results  of  Tasks  1 through  3 of  Phase  III  were  discussed. 

The  second  meeting  included  a briefing  on  the  remaining  tasks  and  a 
review  of  the  draft  final  report. 
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The  activities  and  findings  of  Tasks  1 through  5 are  presented  in  Sections  2. 1 
through  2.5  respectively. 

2. 1 PREPARATION  OF  LIFE  CYCLE  COST  MODEL  AND  DATA  BASE 


The  major  objectives  of  Task  1 were  to  establish  the  data  base  for  the  economic 
analysis,  and  to  prepare  the  life  cycle  cost  model.  Various  activities  performed  to 
accomplish  the  objectives  are  discussed  in  the  remainder  of  Section  2. 1. 

2.1.1  Life  Cycle  Cost  Model 

The  life  cycle  cost  model  for  PIL  and  non-PIL  TMDE  consists  of  a summation 
of  11  cost  elements;  the  general  equation  may  be  expressed  as: 

tMDE  ^Training  ^Hardware  ^Personnel 
+ C 

Transportation  (First  Destination) 

+ C 

Transportation  (Maintenance) 

+ C + C 

Consumables  Introduction 

+ C + C 

Holding  Documentation 

+ C - C 

Installation  Disposal 

where  the  following  conditions  apply: 

a.  Disposal  is  treated  as  a cost  asset. 

b.  The  elements  of  training,  personnel,  maintenance  transportation,  con- 
sumables, and  holding  are  treated  as  recurring  costs. 

c.  The  elements  of  hardware,  first  destination  transportation,  introduction, 
installation  and  disposal  are  nonrecurring  costs. 

d.  Documentation  costs  for  technical  manuals  are  nonrecurring. 

e.  The  life  cycle  of  10  years  for  TMDE  begins  in  1975  and  tei’minates 
in  1984. 

f.  Inflation  and  discounted  cash  flow  are  included  in  the  cost  model. 

1 
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2. 1.1,1  Cost  of  Training 

The  cost  of  training  is  that  incurred  for  training  MOS  to  calibrate  (A  or  C level), 
operate,  and  repair  PIL  and  non-PIL  TMDE.  The  cost  of  training  is  defjendent  on  the 
turnover  rate  of  the  MOS.  The  general  expression  for  annual  training  is; 


Annual  Training  Cost 


Density  of  TMDE 


Number  of  Persons 


Total  Density  of  all  TMDE 
Calibrating  (A  or  C Level)  x Cost  of  Training 

Calibration  Personnel  x Turnover  Ratej 

+ I^Number  of  Persons  Repairing  x Cost  of 

Training  Repair  Personnel  x Turnover  Ratej 

+ 0.1  Number  of  Persons  Operating  x Cost  of 

Operator  Training  x Turnover  Rate  | 

(Inflation)  -r  (Discounting) 


The  mathematical  equation  for  total  life  cycle  training  cost  is; 

ECOS(I,J,l)  = I LCAL(I)*TP(6)*NPERC(1)*CTC(1) 

+ [l-LCAL  (I)]  *TR(7)*NPERC(2)*CTC(2)+TR(7)*NPERR*CTR 

4 0.1  y TR(K)*NPERO(K)*CTOP(K) 


where: 

NDEN(I,J) 
NT  DEN 
LCAL(I) 
TR(  ) 
NPERC(  ) 
CTC(  ) 
NPERR 
CTR 

NPERO(K) 

CTOP(K) 

XINF(J) 

DIS 


Density  of  item  I in  year  J 
Total  number  of  TMDE 

1 if  the  item  has  A-level  calibration,  = 0 if  C-level 
Turnover  rate  of  the  ( ) MOS 

Number  of  persons  calibrating  at  A,(l),  and  C,(2),  levels 
Cost  to  train  for  calibration  of  A,(l),  and  C,(2),  levels 
Number  of  persons  repairing  TMDE 
Cost  to  train  for  repair  of  TMDE 

Number  of  personnel  operating  TMDE  having  the  MOS 
Cost  to  train  for  MOS  for  TMDE  operation 
Inflation  factor  for  year  J 
Discount  rate 


I 
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2. 1,1.  2 Cost  of  Hardware 

The  cost  of  hardware  is  that  incurred  in  the  purchase  of  TMDK,  i.  e. , 


Cost  of  Hardware  = (Number  of  TMDP]  Bought)(Cost  per  TMDI.) (Inflation) 
•i-(Discounting) 


The  equation  used  in  the  cost  model  is; 


ECOS(I,J,2) 


NEQB(I,  J)* 


UCOS(I)4  20| 


XINF(J) 

(UDIS)'^ 


where: 

NEQB(I,J)  = Number  of  item  I purchased  in  year  J 
UCOS(I)  = Unit  cost  of  item  I 


2. 1,1.  3 Cost  of  Personnel 

The  cost  of  personnel  is  that  for  labor  to  calibrate,  operate,  and  repair  TMDE. 
The  general  expression  is: 


Annual  Personnel  Cost 


= Density  of  TMDE 


Annual  Maintenance  Manhours  x 
Productivity 


Labor  Rate 


^ Hours  per  Year  Calibrated  (A  or  C Level)  x Labor  Rate 

Productivity 

^ Number  of  Operating  Hours  ^ Labor  Rate 
5 Productivity 

(Inflation)  + (Discounting) 


The  mathematical  equation  for  personnel  cost  over  the  entire  life  cycle  of 
TMDE  is: 


ECOS(I,J,3) 


NDEN(I,  T.CAL(I) 

4[l-LCAL(I)]*^g-^^y;^]-|-^^ 


. NHO 
f) 


^ DLHdO  |XINF(J) 

4PR0I^(K>}(I.DIS)'^ 
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where: 


XMH(I) 
DLH(  ) 
PROD(  ) 

HSCa) 


Average  manhours  per  year  to  repair  an  item 
Labor  rate  for  the  ( MOS 
Productivity  factor  for  the  ( MOS 
Average  hours  per  year  to  calibrate  an  item 
Average  number  of  hours  of  operation  per  year 


The  factor  XMH(I)  is  determined  from  the  item's  mean  time  between  failures, 
MTBF(I),  and  the  mean  time  to  repair,  MTTR(I),  as: 


XMH(I)  = 


NHO*MTTR( 

MTBFa) 


2. 1.1.  4 Cost  of  First  Destination  Transportation* 

The  cost  of  first  destination  transportation  is  that  incurred  in  shipping  TMDE 
from  a point  of  origin  to  any  of  three  locations  (Europe,  Pacific,  or  CONUS).  The 
general  expression  for  this  element  is: 

Cost  of  Transportation  = (Number  of  Units  Bought)  (Weight) 

(Shipping  Rate  x Mileage)  (Inflation)  (Discounting) 

The  mathematical  equation  is: 


ECOSa,J,4)  = NEQB(I,J)*WT(I)*XM1(I)*SHC* 


(1+D.S)" 


where: 


WT(I)  = Weight  of  the  1*-^  item 

XMI(I)  = First  destination  mileage  for  the  item 

SHC  = Shipping  cost  rate  per  pound  per  mile 


♦This  expression  is  revised  from  that  given  in  the  Phase  II  report  to  reflect  condi- 
tions of  actual  occurrence  within  the  mission  profile  rather  than  cost  estimating 
relationships. 
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2.1.1. 5 Cost  of  Maintenance  Transportation* 


The  cost  of  maintenance  transportation  is  that  for  shipping  TMDE  for  repair  and 
C -level  calibration  from  the  C-E  site  to  the  repair/calibration  facility  at  the  AMSF  or 
to  CONUS  facilities.  The  expression  for  this  cost  is: 


Cost  of  Transportation  = 


2^  [ Density  of  Each  TMDE  Type  x Weight 
X Average  One-Way  Mileage  x Shipping  Rate] 
X [Number  of  Failures/Year  + Number  of 
Calibrations  Requiring  Shipping]  | 

(Inflation)  (Discounting) 


The  mathematical  equation  for  transportation  cost  is: 


ECOSa,J,5)  = 2*NDENa,J)*WT(I)*FMI(I)*SHC{FAIL(I) 


[l-LCAL(I)]  *NCAL(1)  f 

l(F  DIS)'^ 


where: 


FMI(I)  = Average  one-way  distance  between  the  A and  C levels  for  the 

yth 

I item 

FAIL(I)  = Average  number  of  failures  per  year  of  item  = 

th 

NCAL(I)  = Number  of  times  per  year  the  r"  item  is  calibrated 


2. 1.1.  (5  Cost  of  Consumables** 

The  cost  of  consumables  is  that  for  spare  parts  to  repair  TMDE.  The  general 


expression  is.- 


Cost  of  Consumables  = (0. 125  x Density  of  a TMDE  Type 

X Number  of  Failures/Year 

X Unit  Cost  of  TMDE)  (Inflation)  -f  (Discounting) 


*This  expression  is  revised  from  that  given  in  the  Phase  II  report  to  reflect  condi- 
tions of  actual  occurence  within  the  mission  profile  rather  than  cost  estimating 
relationships. 

**This  expression  is  revised  from  that  given  in  the  Phase  II  rejxirt  to  refleet  a 
dependence  on  MTBF. 
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The  mathematical  equation  for  the  cost  model  is; 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


ECOS(I,J,fi)  = 0. 12r)*NDEN(I,J)*FAIL(I)*UCOSa)*^^^^^^^ 

(1-  DIS)'-' 

2. 1.1,  7 Cost  of  Introduction 

The  cost  of  introducing  the  TMDE  into  the  supply  system  is  expressed  as; 

Cost  of  Introduction  = (Number  of  Line  Items  x One-Time  Cost  of 

Introducing  Item  i Annual  Cost  of  Item) 

(Inflation)  e-  (Discounting) 

The  mathematical  equation  used  in  the  cost  model  is; 

ECOS(I,J,7)  = {NLIN[480*MLIN(I)+510]  + ir)0*LLl^^"^^'^ 

( ) (1+DIS)'^ 

where; 

NLIN  = 1 on  the  year  introduced;  0 otherwise 

MLIN(I)  = Number  of  units  comprising  I*"^  item 

LI.  = 1 on  every  year  following  introduction;  0 otherwise 

and  the  constant  values  are  derived  from  Pamphlet  ECOM  11-4  of  DA  Comptrollers 
Office  and  described  in  the  Phase  II  report. 

The  cost  of  introduction  includes  a recurring  cost  of  S160  for  each  year  the  item 
is  kept  in  the  supply  system, 

2. 1.1,  8 Cost  of  Holding 

The  cost  of  holding  is  that  incurred  for  retaining  the  item  in  the  supply  system. 
The  expression  is; 

Cost  of  Holding  = 0,  23  [(Density  of  TMDE)  (Unit  Cost): 

X (Inflation)  4-  (Discounting) 


fl 


il 


I 


The  equation  for  the  cost  model  is; 


ECOSa,J,«) 


0 , 23 *ND EN (I , J)  *UCOS (I)  *LL 

(!■  DIS)'' 
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2. 1.1. 9 Cost  of  Documentation 

The  cost  of  documentation  is  that  incurred  for  preparation  and  publication  of 
technical  manuals  for  operation,  repair  and  calibration,  and  Repair  Parts  Spares 
Tools  Listings  (RPSTLs).  Revisions  and  updating  changes  in  documentation  are 
covered  by  adding  20‘,'(  to  the  original  page  count.  The  expression  for  this  cost  is: 

Cost  of  Documentation  = (Cost  per  Page)  (Total  Pages  of  Documentation) 

(Inflation)  ^ (Discounting) 

The  equation  for  the  cost  model  is: 

ECOS(I,J,9)  = NN*AQPP(I)*CPP*^^— 

(1+DIS)'^ 

where: 

NN  = 1 on  first  year  introduced,  0 otherwise 

th 

AQPP(I)  = Total  number  of  pages  of  documentation  for  I item 
CPP  = Cost  per  page  of  documentation 

2.1.1.10  Cost  of  Installation 

The  cost  of  installation  is  that  for  installing  a TMDE  at  a site  to  make  the  item 
portable.  The  general  e.'.pression  is; 

Cost  of  Installation  = (Number  of  Units  Installed)  (Cost  per  Installation) 

(Inflation)  -i-  (Discounting) 

The  equation  for  the  cost  model  is: 

ECOS(I,J,10)  = N EQ  B (1 , J)  *C  PC 

(l+DIS)’’ 

where  CPC  = Cost  of  materials  for  rack  mounting,  cart,  etc. , as  required  for 
installation. 

2.1.1.11  Cost  of  Disposal 

The  cost  of  disposal  is  that  incurred  in  disposing  or  salvaging  TMDE  at  the  end 
of  its  life  cycle.  The  general  expression  is: 

Cost  of  Disposal  -0. 1 [ (Number  of  TMDE  Disposed)  (Unit  Cost  of  TMDE)] 
(Inflation)  : (Discounting) 
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The  equation  for  the  cost  model  is: 

ECOS(I,J,ll)  = -0.1*NEQDa,J)*UCOS(I)*^^^-^^ 

(I+DIS)'^ 

where: 

NEQD(I,J)  = Number  of  items  I disposed  of  in  year  J 

During  Phase  I it  was  determined  that  the  disposal  operation,  which  results  in 
the  salvage  of  equipment,  represents  an  asset  to  the  life  cycle  cost. 

2.1.2  Data  Base  for  LCC  Model 

The  data  requirements  for  computing  the  life  cycle  costs  of  the  PIL  and  non-PlL 
TMDE  were  identified  by  reviewing  the  cost  liquations  of  the  LCC  model.  Two  major 
data  categories  were  identified: 

a.  Program  data,  which  are  common  to  all  TMDE;  an  example  is  personnel 
productivity  rate. 

b.  File  data,  consisting  of  two  subsets:  1)  item  characteristics,  which 
are  unique  to  each  TMDE,  e.g. , unit  cost;  and  2)  item  scenario  data,  or 
the  quantity  of  TMDE  bought,  operated  and  maintained,  and  disposed  of 
during  each  year  of  the  life  cycle. 

The  program  and  file  data  are  discussed  below. 

2. 1.2.1  Program  Data 

Program  data  requirements  were  identified  for  all  TMDE.  Table  1 identifies 
the  data  types  and  gives  the  values  used  for  the  economic  analysis.  These  values 
were  held  constant  throughout  the  scenario  1,  2,  and  3 computations.  Certain  of  the 
data  were  varied  for  the  case  exercises  and  sensitivity  analysis,  as  discussed  in 
Sections  2.3  and  2.4,  respectively. 

The  manner  in  which  the  MOS  and  operate-hour  data  were  addressed  as  program 
data  is  described  in  Sections  2. 1.  2. 1. 1 and  2. 1.  2. 1.  2,  respectively. 
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TABLP:  1.  PROGRAM  DATA  FOR  TMDE  ECONOMIC  ANALYSIS 

(Sheet  1 of  2) 


Description 

Code 

Value 

1.  Inflation  Factor  for  Each 

XINF 

1975  1.000,1976  1.12,1977  1.22, 

Year 

1978  = 1.33,  1979  1.40,  1980  1.46, 

1981  = 1.53,  1982  -■  1.60,  1983  = 1.67, 

1984  1.75 

2.  Discount  Rate 

DIS 

10^  each  year,  1975  - 1984 

3,  Total  Density  of  TMDE 

NT  DEN 

32,411 

Calibrated,  Repaired, 

Operated 

4.  Turnover  Rate: 

a.  MOS  26 

TR(1) 

0.41 

b.  MOS  32 

TR(2) 

0.36 

c.  MOS  31 

TR(3) 

0.46 

d.  MOS  34 

TR(4) 

0.33 

e.  MOS  36 

TR(5) 

0.35 

f.  MOS  3511 

TR(6) 

0.50 

K.  MOS  35B 

TR(7) 

0.59 

5.  Cost  of  Operator  Training 

a.  MOS  26 

CTOP(l) 

$ 31,630 

b.  MOS  32 

CTOP(2) 

$ 25,083 

c.  MOS  31 

CTOP(3) 

$ 31,233 

d.  MOS  34 

CTOP(4) 

$ 21,127 

e.  MOS  36 

CTOP(5) 

$ 17,360 

6.  Cost  of  Repair  Training, 

CTR 

$ 22,080 

MOS  35B20 

7.  Cost  of  A-Level  Cali- 

CTC(l) 

$ 25,024 

bration  Training, 

MOS  35H 

8.  Cost  of  C -Level 

CTC(2) 

$ 41,226 

Calibration  and 

Repair  Training, 

MOS  35B30 

TABLE  1.  (Sheet  2 of  2) 


Description 

Code 

Value 

9.  Number  of  Persons  Cali- 
brating, A-Level 
(MOS  35H) 

NPERC(l) 

143 

10,  Number  of  Persons  Cali- 
brating, C-Level 
(MOS  35B) 

NPERC(2) 

32 

11.  Number  of  Persons 
Repairing  (MOS  35B20) 

NPERR 

42 

12.  Number  of  Persons 
Operating 

a.  MOS  26 

NPERO(l) 

1,616 

b.  MOS  32 

NPERO(2) 

2,326 

c.  MOS  31 

N PER  0(3) 

445 

d.  MOS  34 

NPERO(4) 

251 

e.  MOS  36 

NPERO(5) 

848 

13.  Labor  Rate,  All  MOS 

DLH 

$6.91  per  hour 

14.  Productivity  Rate 

All  MOS 

PROD 

0.75 

15.  Number  of  Hours  per 

Year  Operated 

NHO 

a.  PIL 

1 

300 

b.  Non-PIL 

365 

16.  Shipping  Cost/Pound/ 

Mile 

SIIC 

$0,000169 

17.  Cost  of  Install.  Materials 

CPC 

$ 95 

18,  Cost  per  Page  of 

Original  Documentation 


CPP 


$ 175 


2. 1.  2. 1. 1 MOS  Classification  — The  MOS  classifications  identified  during 
Phase  II  as  performing  the  functions  of  operation,  maintenance,  and  calibration  of 
TMDE  were  expanded  to  include  additional  information  provided  by  USACC  during  the 
data  preparation  activities  of  Phase  III.  More  than  50  different  MOS  classifications 
were  identified  for  which  data  on  training,  turnover  rate,  etc. , had  to  be  obtained. 

The  50  different  MOS  classifications  performing  the  functions  of  operation  were 
grouped  into  major  categories.  For  example,  the  MOS  26L10,  2fiL20,  and  2fiL40, 
and  the  2fiV10,  2fiV20,  and  26V40  categories  were  combined  as  a 26-series  MOS,  In 
this  process,  the  pertinent  data,  such  as  turnover  rate,  training  costs,  etc. , for  each 
level  (e.g. , 26V10)  were  averaged  to  provide  single  values  for  each  grouping.  The 
final  grouping  of  operator  MOS  used  in  this  analysis  were  of  the  26,  32,  31,  34,  and 

\ 36  classifications. 

; Another  reason  for  grouping  the  MOS  classifications  is  that  the  particular  MOS 

I level  operating  TMDE  could  not  be  determined  since  the  C-E  sites  have  many  different 

i 

TMDE  and  MOS  types.  The  LCC  methodology  developed  in  Phase  I accounted  for  this 
condition  in  the  personnel  cost  equation. 

[ 

I It  was  not  necessary  to  group  the  MOS  classifications  doing  calibration  or  {1 

maintenance,  since  the  number  of  types  was  limited  and,  therefore,  resulted  in  no  i! 

problems  in  the  retrieval  or  implementation  of  data  for  the  computer  program.  ij 

2.1.2. 1.2  Number  of  Hours  of  Opei’ation  — The  number  of  hours  that  the 
operating  MOS  spend  on  TMDF]  per  year  was  estimated  during  Phase  II  as  being  equal 
for  PIL  and  non-PlL  TMDE.  During  Phase  111,  additional  information  was  obtained 
from  USACC  that  resulted  in  this  ground  rule  being  changed.  USACC  estimates  that  > 

less  time  will  be  spent  in  performing  such  operations  as  testing  and  diagnosis  with 
PIL  TMDE  than  with  non-PIL  TMDE. 

The  rationale  provided  by  USACC  supporting  this  position  can  be  best  explained 
by  example.  Suppose  that  a requirement  exists  at  a USACC  site  for  performing  five  ! 

tests  or  diagnostic  procedures  each  day  using  five  different  frequency  counters  as  the 

, TMDE.  For  this  example,  the  operator  performing  the  tests  will  follow  a procedure 

prescribed  in  a formal  specification,  which  directs  the  following  eight  steps:  9 

1)  Select  the  TMDE  and  remove  from  stored  location.  9 


Lu 
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2)  Review  the  technical  manuals  to  determine  set-up  and  connection 
requirements. 

3)  Connect  the  TMDE  to  the  end  item. 

4)  Turn  on  the  TMDE  to  allow  warm-up. 

5)  Review  manuals  for  precheck  and  operating  procedures. 

6)  Adjust  and  check-out  the  TMDE. 

7)  Perform  testing  or  diagnosis,  read  measurements,  and  record 
measurement  values. 

8)  Disconnect  the  TMDE  from  the  end  item  and  replace  it  in  a storage  area. 

When  five  different  types  or  makes  (e.  g. , non-PIL  TMDE)  are  used  to  perform 
the  five  tests  required,  the  operator  will  spend  the  time  to  become  familiar  with  the 
procedures  by  reviewing  five  different  technical  manuals  for  details  on  connections, 
measurement  techniques,  etc. 

When  only  one  model  of  TMDE  is  used  to  perform  the  five  tests  or  diagnoses, 
only  one  technical  manual  will  be  reviewed.  Moreover,  when  the  operator  is 
familiar  with  the  connections  and  measurement  techniques  by  virtue  of  using  the 
same  frequency  counter,  the  time  spent  by  the  operator  is  reduced.  In  essence, 
steps  2 and  5 are  eliminated  from  the  four  successive  tests  done  with  the  PII.  TMDE, 
and  the  time  required  for  step  3 is  reduced  accordingly. 

If  the  above  test  or  diagnostic  procedure  normally  requires  1 hour  of  operator 
time,  the  average  time  spent  for  steps  2 through  7 is  10  minutes  each.  Thus  by 
eliminating  steps  2 and  5,  20  minutes  is  saved,  reducing  the  operations  time  to 
40  minutes  or  20*^  less  than  for  non-PIL  TMDE.  In  addition,  the  time  spent  on  the 
other  steps  will  be  reduced  significantly  because  of  familiarty  with  the  procedural 
requirements.  This  factor  was  not  considered  in  the  above  20S?  savings,  making  the 
estimate  very  conservativ;,'. 

The  values  used  to  establish  the  data  for  hours  that  MOS  operate  TMDE  in  this 
economic  analysis  reflect  the  20'J?  estimated  reduction  for  PIL  TMDE  over  that  for 
non-PIL  TMDE. 


2-13 


2. 1.2.2  File  Data 


2. 1.2.2. 1 Item  Characteristics  Data  - Item  characteristics  relevant  to  the 
life  cycle  cost  analysis  of  the  PIL  and  non-PIL  TMDE  were  identified,  and  are  listed 
in  Table  2.  Sixty-one  sets  of  data  were  established  for  these  characteristics,  one  set 
for  each  PIL  and  non-PIL  TMDE.  Certain  items  of  data  were  not  directly  retrievable 
and  were  based  on  estimates  and  value-averaging,  as  discussed  in  the  following 
paragraphs. 


TABLE  2.  ITEM  CHARACTERISTICS  RELEVANT  TO 
TMDE  ECONOMIC  ANALYSIS 


Item  Characteristic 

Code 

1.  Level  of  calibration 

LCAL 

2.  Unit  cost 

UCOS 

3.  Maintenance  man-hours 

XMH 

4.  Hours  per  year  calibrated 

HSC 

5.  Weight 

WT 

6.  First  destination  mileage 

XMI 

7.  Number  of  failures  per  year  or  MTBF 

FAII. 

8.  Average  mileage  to  repair  or  calibrate 

FMI 

9.  Quantity  of  pages  (TM,  TB,  and  RPSTL) 

AQPP 

10.  Number  of  tine  items 

NLIN 

11.  Number  of  times  per  year  calibrated 

NCAL 

2. 1.  2.  2. 1. 1 Unit  Cost  of  TMDE  - The  source  for  TMDE  unit-cost  data  was 
identified  in  Phase  II  as  SB  700-20*  and  manufacturers'  catalogs.  However,  one 
problem  encountered  in  retrieving  the  data  from  these  sources  was  that  certain 


*HIX^,  DA,  Army  Adapted/Other  Items  Selected  for  Authorization/List  of  Reportable 
Items,  SB  700-20,  July  1974 
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I I tion-PIL  TMDE,  although  in  the  USACC  inventory,  are  no  longer  manufactured. 

Therefore,  recent  costs  are  not  available  for  these  items  from  catalogs.  Further, 
certain  non-PIL  TMDE  are  not  listed  in  SB  700-20, 

To  resolve  the  above  problems,  two  other  sources  of  cost  information  were 
considered;  Army  Master  Data  File  (AMDF)  records  and  Command  Density  "C" 
reports  of  the  USACC  TMDE  Management  Improvement  Program,  The  necessary 
cost  information  for  the  non-PIL  TMDE  was  obtained  from  these  latter  sources  when 
it  was  not  located  in  the  sources  identified  during  Phase  II, 


Since  it  was  determined  that  the  unit  cost  values  from  these  latter  sources  were 
approximately  2 years  out  of  date,  the  TMDE  unit  costs  obtained  from  these  sources 
were  increased  by  20%.  This  20%  increase  was  considered  conservative,  since 
comparable  unit  costs  of  non-PIL  TMDE  that  were  found  in  manufacturers'  manuals 
tended  to  be  50%  or  more  higher  than  the  values  given  in  either  AMDF  or  the 
"C"  reports. 

2. 1.  2. 2, 1.  2 MTBF,  MTTR  and  Hours  of  Calibration  - MTBF  values  were 
available  for  the  majority  of  TMDE  in  the  identified  sources.  Where  MTBFs  were 
not  available,  the  values  were  derived  by  averaging  the  available  MTBF  of  all  other 
TMDE  of  the  same  function  (e.g. , frequency  counter).  The  same  technical  approach 
was  used  for  MTTR  and  hours  of  calibration  when  data  were  not  available. 

2. 1. 2. 2. 1. 3 Cost  per  Page  of  Documentation  — An  effort  was  made  during 
this  task  to  obtain  information  on  the  cost  per  page  of  documentation  for  technical 
manuals  covering  operation,  maintenance,  and  calibration.  A thorough  review  was 
made  of  the  data  supplied  during  Phase  II  on  this  subject.  The  main  source  was 
reports  or  publication  costs  prepared  by  the  Army  Materiel  Command  (AMC). 

Since  more  precise  information  could  not  be  obtained,  it  was  decided  to  use  a value 
of  $175  which  is  an  average  value  for  electronic  equipment  provided  by  the  comptroller 
at  USAECOM.  This  value  was  derived  from  a statistical  analysis  performed  by  AMC. 

2. 1.2.  2. 1.4  First  Destination  Mileage  — This  data  item  was  not  identified  in 
the  Phase  II  report,  since  it  was  provided  as  a cost  estimating  relationship  by  the 
Comptrollers  Office  of  USAECOM.  However,  USAECOM  decided  during  the  second 
steering  committee  meeting  of  Phase  II  that  it  would  be  desirable  to  have  actual  cost 
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equations  for  both  first  destination  and  maintenance  destination  included  in  the  cost 
model.  As  a result  of  these  changes,  data  requirements  for  first  destination  mileage 
were  established. 

The  values  for  the  first  destination  mileage  were  determined  for  the  three 
major  theaters  of  USACC  - Pacific,  Europe,  and  CONUS.  This  approach  was  taken 
since  TMDE  is  usually  shipped  to  the  regional  Army  Maintenance  Supply  Facility 
(AMSF)  of  the  Pacific  or  European  theaters  and  the  depots  or  regional  facilities  of 
CONUS.  The  location  of  the  theatre  for  a given  TMDE  was  obtained  from  the  TMDE 
MIP  Command  Density  "C"  Reports  that  provide  the  unit  identity  code  and  location. 

The  first  destination  mileage  values  used  in  this  analysis  were  2500  miles  for 
CONUS,  5000  for  Europe,  and  8000  for  the  Pacific.  These  distances  arc  average 
values  based  on  the  location  of  the  AMSF  and  CONUS  facilities  within  each  theatre 
from  the  point  of  origin  of  the  TMDE  depots  in  either  California  or  Kentucky. 

2. 1.  2.  2. 1.  5 Maintenance  Mileage  - Maintenance  transportation  mileage  was 
determined  as  the  distance  that  TMDE  within  each  of  the  three  theatres  travels  from 
the  operational  sites  to  the  AMSF  or  CONUS  facility  for  repair  or  C-level  calibration. 
Average  values  used  for  maintenance  mileage  were  150  for  Pacific  area,  100  for 
Europe,  and  50  for  CONUS. 

2. 1.  2.  2. 1.  fi  Number  of  Pages  of  Documentation  — The  nuiuber  of  pages  of 
documentation  required  by  each  TMDE  was  based  upon  1)  technical  manuals  for 
operation,  maintenance,  and  calibration,  and  2)  RPSTUs.  It  was  originally  intended 
that  each  manual  for  a specific  TMDE  be  reviewed  to  obtain  the  quantity  of  pages  per 
publication.  However,  only  a limited  number  of  official  publications  could  be  found 
for  most  of  the  non-PIL  TMDE.  A large  portion  of  those  which  exist  are  manufac- 
turers' manuals  for  operation  and  repair. 

To  obtain  representative  page  quantities  for  the  non-PIT.  TMDl^  a count  was 
made  using  the  manuals  for  PII.  TMDE.  The  quantity  of  pages  determined  for  each 
PIL  TMDE  was  assigned  to  the  countei'part  non-PIT,  TMDE  they  can  potentially 
replace.  The  representative  values  for  total  pages  were  Increased  by  20*7  for  each 
TMDE  since  it  was  determined  from  USAECflM  that  publications  undergo  revisions 
amounting  to  an  average  of  207(  of  the  initial  value  during  the  life  cycle  of  the 
equipment. 
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2. 1.  2.  2.  2 Item  Scenario  Data  - The  item  scenario  data  requirements  for  the 
LCC  exercises  stipulate  the  quantity  of  TMDE  bought,  operated  and  maintained,  and 
disposed  for  each  year  from  1975-1984,  Each  scenario  uses  a specific  set  of  these 
data  to  describe  conditions  of  USACC  deployment  and  management  of  TMDE.  An 
example  of  how  the  implementation  data  were  established  is  shown  in  Table  3,  In 
that  example,  NEQB  is  the  quantity  bought,  NEQD  is  the  quantity  disposed,  and 


NDEN  is  the  TMDE  density  (operated  and  maintained)  for  the  year  shown. 

TABLE  3.  EXAMPLE  OF  ITEM  SCENARIO  DATA 


00160 

197  5 

NEOU 

53  NEOD  0 

NDEN 

53 

00170 

197  6 

NFlOFi 

0 

NEOD 

0 

NDEN 

53 

OOIBO 

197  7 

NEOB 

0 

NEQD 

0 

NDEN 

53 

00190 

1978 

NEOD 

0 

NEOD 

0 

NDEN 

55 

OOPOO 

19  7 9 

NEOB 

0 

NEUU 

0 

I's'DEN 

53 

OOP  10 

1980 

NEOB 

0 

NEOD 

0 

NDEN 

53 

002PC 

1961 

NEOB 

0 

NEOD 

0 

NDEN 

53 

00230 

19  82 

NEOB 

,0 

NEOD 

0 

NDEN 

53 

002-40 

1963 

NEOB 

0 

NEOD 

0 

NDEN 

53 

00250 

iJ98-4 

NEOB 

0 

NEOD 

53 

NDEN 

53 

2, 1.  2.  2.  3 Complete  Data  Files  — An  example  of  the  complete  data  file,  com- 
prising both  scenario  and  item  characteristic  data  is  shown  in  Table  4,  The  first 
line  (100)  gives  the  file  name;  ”00110"  is  the  quantity  of  non-PIL  TMDE  in  that  file; 
and  ”00120”  is  the  nomenclature  of  the  TMDE  for  which  the  data  are  shown  in  lines 
00130  through  00250. 


TABLE  4.  FILE  DATA  FOR  TMDE  ITEM 
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2,2  LIFE  CYCLE  COST  COMPUTER  PROGRAM 

i 

The  objectives  of  Task  2 were  to  prepare  and  implement  a program  for  the  | 

TMDE  life  cycle  cost  model. 


2.2.1  Development  of  Software  Program 


A computer  program  was  developed  in  FORTRAN  for  exercising  the  life  cycle 
cost  model.  The  program  evaluates  the  life  cycle  costs  of  PIL  and  non-PIL  TMDE 
from  1975  through  1984  under  different  conditions  of  USACC  deployment.  These  con- 
ditions are  evaluated  in  the  form  of  scenarios,  each  having  various  options.  For  each 
scenario,  the  options  permit  replacement  of  non-PIL  TMDE  with  PIL  TMDE,  with 
non-PIL  TMDE,  or  with  a mixture  of  the  two. 


The  quantitative  conditions  associated  with  an  option  are  input  to  the  program  as 
file  data,  as  described  in  Sections  2, 1 and  2.3. 


Two  main  programs,  designated  "TMDE"  and  "TMDE-1",  were  developed  for 
the  life  cycle  cost  model.  The  equations  and  FORTRAN  structure  for  each  of  these 
programs  are  given  in  Appendix  A-4.  Either  program  can  accept  the  file  data  for  any 
scenario  and  then  output  life  cycle  costs.  The  major  difference  between  the  two  pro- 
grams is  that  "TMDE"  outputs  the  cost  of  each  cost  element  and  the  total  cost  by 
year,  but  only  sums  the  annual  PIL  and  non-PIL  TMDE  costs.  "TMDE  1"  outputs  the 
sum  of  each  cost  element,  as  well  as  the  total  life  cycle  costs.  Examples  are  given 
in  the  following  paragraphs.  For  each  example,  the  units  for  cost  and  cumulative 
cost  are  in  dollars. 


2.  2, 1.1  Outputs  of  Program  "TMDE" 

Program  "TMDE"  is  designed  to  yield  the  outputs  shown  by  the  following 
examples, 

a.  The  yearly  and  cumulative-yearly  costs  of  each  PIL  TMDE: 
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b.  The  yearly  and  cumulative-yearly  costs  of  each  non-PIL  TMDE: 


197  5 

1 8343.38 

16343.38 

1976 

16P82. 13 

34625.51 

1977 

93139.93 

127765.44 

19  78 

1 8329 . 59 

1 46095 .03 

1979 

17540.28 

1 63635.31 

1980 

1 6629 . 10 

180264.41 

1981 

15842. 17 

196106.58 

19ttP 

1 5060.88 

211167.46 

1983 

1 4290 . 73 

225458. 19 

1984 

1 1868.33 

237326 . 52 

c.  The  yearly  and  cumulative-yearly  costs  for  the  entire  non-PIL  TMDE 
group: 

NPN-h"IL  G/sGUf^  CGblS 


C08I 

C UNO 08 1 

1975 

1206966. 63 

1206966 . 63 

1 87  6 

32508  4 . 08 

1 53208 1 . 1 O 

1 V77 

321916.07 

1853969 . 17 

1978 

319039.82 

2 1 73008 . 69 

197v 

30530U .98 

2 47  8 309 . 67 

IVt.O 

289441.18 

27  67  7 80 . 85 

1981 

27  57  4 0 . 09 

30  43  09  4.98 

19  82 

282108. 30 

3305600 .28 

1983 

2 487  00.15 

3880380 . OO 

19  84 

• 212789.17 

3767 1 6V . 87 

These  non-PIL  group  costs  are  for  all  TMDE  in  the  group  under  analysis. 
For  example,  using  Group  A,  the  costs  are  for  a total  of  53  non-PIL 
TMDE  units  in  the  USACC  inventory. 


I 


(I. 


The  cost  element  breakout  for  the  non-PIL  group: 


elen,i;ni 

CDbl 

1976 

I KAl  Nl  N(; 

yZjbP  . 

TRAINING 

yA7b. 19 

PUKCMA1.E 

VbPbA.bb 

I’UKCHAbb 

U . 

Pb.Kbl/iMNt  L 

1 3A^3U.07 

PEf<bCNNt.L 

1 3A329 . 0/ 

Fll\ST  DEbl 

13U';  . 17 

FIKbl  DP.bT 

0 . 

IRANbPOuT 

y . 1 b 

THANSPOkT 

9 . 1 A 

CLNbUMBLEb 

37V 3. AO 

CONbUNHLLb 

3 7 9 U . b b 

INIKOUUCE 

1600.00 

I NT  KOUUCF. 

290.69 

HOLDING 

21 73b. 63 

HOLDING 

217 19 .30 

DOCUP.t  Nl  b 

A1 727  .27 

DeCLiMENTS 

0. 

INSTALL 

37 13.6A 

INSTALL 

0 . 

DIbPDbAL 

0. 

DISPOSAL 

0. 

Following  this  printout,  the  user  is  given  the  option  of  having  the  program 
output  the  same  breakout  for  PIL  TMDE.  The  program  "TMDE"  then  pro- 
vides on  request  a cost  element  breakdown  on  any  specific  TMDFi  item. 

2 , 2 . 1 . 2 Output  of  Program  "TMDE  1" 

The  program  "TMDE  1"  was  developed  to  facilitate  computation  and  pro\ide 
certain  outputs  in  a sequence  different  from  "TMDE",  For  program  "TMDE  1"  the 
following  outputs  are  provided  in  the  sequence  shown. 

a.  Yearly  and  cumulative-yearly  costs  of  Pll,  TMDE 

b.  Yearly  and  cumulative-yearly  costs  of  the  non-PIL  TMDE  group 

c.  The  sum  of  each  of  the  cost  elements  for  10  years  for  PIT  TMDE 

d.  The  sum  of  each  of  the  cost  elements  for  10  years  for  the  non-PIL 
TMDE  group. 

2.2.2  Features  of  LCC  Computer  Program 

The  computer  program  for  determining  life  cycle  costs  of  PIL  and  non-PIL 
TMDE  has  been  implemented  on  the  Burroughs  BfiTOO  time  share  system  at 
PSAECOM,  Fort  Monmouth,  and  on  the  Control  Data  Corporation  "Kronos  2.  1" 
time-share  system  at  ARINC  Research  Coiporation.  All  of  the  fiata  files  used  for 
the  program  arc  stored  in  the  time  share  system  until  required.  The  data  files, 
called  "CiRPxy/.",  represent  the  group  (x)  and  the  scenario/option  (yz).  At  the  begin- 
ning of  the  program  exercises,  the  particular  scenario  (and  its  attendant  data  filel 
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are  specified  from  the  teletype  terminal  keyboard.  In  the  Kronos  system,  this  is 
accomplished  by  typing  in  the  file  name  (e.  g. , GRPAl),  whereupon  the  program  calls 
the  designated  file  and  reads  it  to  obtain  the  specific  data  required  by  that  scenario. 

In  the  Burroughs  system,  the  file  is  called  by  means  of  a file  number  corresponding 
to  a given  group.  The  main  program  stores  the  program  data  described  in  Section  2. 1, 

The  computer  program  is  very  flexible  — data  changes  are  readily  implemented, 
additional  cases  and  options  can  be  evaluated,  and  sensitivity  analyses  can  be 
conducted. 

2.3  LIFE  CYCLE  COST  COMPUTATION 

Various  computer  exercises  were  designe<l  for  evaluation  of  the  cost  effective- 
ness of  standardizing  the  selected  PIL  TMDE.  Three  scenarios  were  investigated, 
two  concerning  different  approaches  that  USACC  might  implement  to  deploy  TMDE, 
and  the  third  designed  to  provide  a comparison  of  the  total  life  cycle  cost  of  each  of 
the  three  PIL  TMDE  and  the  corresponding  non-PIL  TMDE  that  they  can  replace. 

These  scenarios  are  described  in  Sections  2.3.2  through  2.3.4  and  summarized  in 
Table  5. 

In  addition,  three  separate  cases  were  evaluated  to  investigate  certain  other 
potential  cost  benefits  that  could  be  realized  if  the  PIL  were  standardized.  These 
cases  are  discussed  in  Sections  2.3.5  through  2.3.7  and  summarized  in  Table  R. 


Computation  results  for  these  scenarios  and  cases  arc  presented  in  Section  2.  5. 

TABLE  5.  LCC  DATA  FILES  AND  DESCRIPTION  OF  SCENARIO  EXERCISES 

(Sheet  1 of  2) 


Scenario/Option 

TMDE 

Group 

File 

Name 

Description  of  LCC  Exercises 

A 

GRPAl 

IB 

GRPIBI 

2B 

GRP2B1 

I 

PIL  and  Non-PIL  TMDE  Baseline 

3B 

GRP3B1 

LCC  Comparison 

4B 

GRP4B1 

C 

GRPCl 
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TABLE  5.  (Sheet  2 of  2) 


TMDE 

File 

Scen^vio/Option 

Group 

Name 

Description  of  LCC  Exercise 

2/1 

A 

GRPA2 

]>hase-in  of  PIE  TMDE  at  10'/  of  Total 
Density  per  Year 

2/2 

A 

GRPA3 

Phase-in  of  Non-PIL  TMDE  at  10'’(  of 
Total  Density  per  Year 

2/3 

A 

GRPA7 

Phase-in  of  PIE  and  Non-PIE  TMDE 
mix  at  in'/  of  Total  Density  per  Year 

A 

GRPA4 

IB 

GRP1B2 

3/1 

2B 

GRP2B2 

Phase-in  of  PIE  TMDE  per  USACC 

3B 

GRP3B2 

Plan 

4B 

GRP4B2 

C 

GRPC4 

A 

GRPAfj 

IB 

GRP1R3 

3/2 

2B 

GRP2R3 

Phase-in  of  Non-PIE  TMDE  per 

3B 

GRP3B3 

USACC  Plan 

4B 

GRP4B3 

C 

GRPCf) 

3/3 

A 

GRPA8 

Phase-in  of  PIE  and  Non-PIL  Mix 
per  USACC  Plan 
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TABLE  fi.  LCC  DATA  FILES  AND  DESCRIPTION  OF  CASE  EXERCISES 


Case 

TMDE 

Group 

File 

Name 

Description  of  LCC  Exercise 

1 

A 

GRPAl 

Initial  Stockage 

2 

A 

GRPAl 

Inflation  and  Discounted  Cash  Flow 

IB 

GRPIBI 

2B 

GRP2B1 

3 

3B 

GRP3B1 

Volume  Discount 

4E 

GRP4B1 

C 

GRPCl 

2.3,1  TMDE  Groupings 

The  PIL  and  non-PIL  TMDE  of  interest  in  the  Phase  III  investigation  were 
categorized  into  three  major  groups  containing  PIL  TMDE  and  corresponding  non-PIL 
TMDE  that  they  can  replace.  These  groups  are  defined  as  follows: 


Group, 

TMDE  Included 

Comment 

1 

A 

AN/USM-336V  (PIL) 

11  Non-PIL  ^ 

Spectrum  Analyzer 

V 

» 

IB 

CP-772A/U  (PIL) 

28  Non-PII.  1 

2B 

CV-2002/U  (PU.)  1 

6 Non-PIL  ' 

i 

^ Frequency  Counter 

3B 

CV-2003B/U  (PIL)  1 

2 Non-PIL  1 

4B 

CV-30r)9/U  a’lE) 

2 Non-PIL  ^ 

C 

432A  (PIL) 

6 Non-PIL 

RF  Power  Meter 

Appendix  A-1  presents  a detailed  listing  of  the  TMDE  nomenclature  and  the 
specific  group  in  which  each  is  located. 
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2.n.2  Scenario  1 


2.3.2.  1 Description 

Scenario  1 was  designed  to  determine  and  compare  the  total  life  cycle  costs  of 
PIL  and  non-PIL  TMDK  in  (Iroups  A,  B,  and  C under  c>quivalent  conditions.  This 
scenario  is  based  on  the  current  quantity  of  each  non-PIL  TMDE  in  the  USACC  inven- 
tory for  a 10-ycar  period,  besinnins  with  acquisition  and  continuing  through  disposal. 
For  this  scenario,  it  is  assumed  that  all  of  the  non-PII.  TMDK  are  bought  at  the 
beginning  of  1975  in  the  densities  shown  in  Appendix  A.  These  non-PIL  TMDE  are 
operated  and  maintained  each  year  until  the  end  of  1984,  at  which  time  they  are  dis- 
posed of.  An  eciuivalcnt  density  of  PIL  TMDE  are  also  bought  in  1975,  operated  and 
maintained  each  year  and  then  disposed  of  at  the  end  of  1984.  During  this  10-year 
life  cycle,  the  recurring  and  nonrecurring  costs  defined  by  the  life  cycle  cost  model 
are  computed  separately  for  the  total  non-PIL  and  PIL  TMDE  of  the  group  under 
analysis. 

2.  3. 2. 2 Scenario  1 Data  Files 

The  data  files  for  Scenario  1 wore  developed  in  accordance  with  the  above  base- 
line concept.  The  procedure  employed  for  this  purpose  is  illustrated  by  the  following 
example.  For  Group  A,  the  total  density  of  non-PIL  TMDE  is  53  items,  comprised 
of  11  different  maUes  and  models.  In  compliance  with  the  baseline  condition,  the 
1975  purchase  includes  three  AN/UPM-84,  four  DU-2A,  one  LCA-G,  one  RTA-5, 
one  SA-84W,  one  TS.\-\\'2,  two  1L20,  one  1L30,  twenty-five  1L40,  two  851A,  anti 
twelve  851B.  These  TMDE  are  operated  and  maintained  through  1984  and  then 
disposed  of.  Since  a total  of  53  non-PIL  TMDE  are  addressed,  a comparable  number 
of  PIL  TMDE  (USM-3()r)(V)l)  are  also  bought  in  1975;  operated  and  maintained  for 
10  years;  then  disposed  of  in  1984. 

This  procedure  is  summarized  in  Table  7,  which  presents  item  scenario  data 
for  the  USM-GOr.  and  the  UPM-84.  For  1975,  as  shown  in  the  table,  53  PIL  items  are 
bought  (NE(Mb.  none  are  dis|)osed  of  (NEC^Dl,  and  53  arc  operated  and  maintained 
(XDEN),  These  53  USM-3r)()(\’)l  items  are  operated  and  maintained  each  year  through 
19M4  and  then  dispost'd  of.  For  the  UPM  84,  three  items  are  bought  in  1975,  none  are 
disposed  of,  and  three  are  operated  anrl  maintained;  and  the  three  items  continue  in 
service  until  being  flisposed  of  in  1984. 
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The  life  cycle  cost  model  computes  the  total  life  cycle  costs  of  the  entire  group 
of  non-PIL  TMDE  and  the  PIIj  TMDE.  Table  8 is  an  example  of  the  total  life  cycle 
costs  for  Group  A TMDE. 

Referring  to  Table  8,  the  cumulative  cost  in  1984  of  $2,304,755  is  the  life  cycle 
cost  of  53  type  USM-36r)  items.  The  non-PIL  group  costs  ($3,767,169)  are  the  total 
life  cycle  costs  for  53  of  the  eleven  different  non-PIL  TMDE  in  Group  A. 

Life  cycles  costs  of  TMDE  groups  A,  B,  and  C are  detailed  in 
Appendix  A -3. 


TABLE  8.  GROUP  A LIFE  CYCLE  COSTS,  SCENARIO  1 
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2.3,3  Scenario  3 

2. 3. 3.1  Description 

Scenario  3 was  designed  to  evaluate  the  economic  impact  of  standardization  of 
the  three  PIL  TMDE  by  computing  the  life  cycle  costs  associated  with  three  possible 
situations.*  For  option  1,  it  is  assumed  that  PIL  TMDE  are  phased  in  to  replace 
non-PIl,  TMDE  according  to  the  TMDE  phasing  plan  developed  by  USACC,  and  shown 
in  Appendix  A-1.  This  plan  projects  the  USACC  TMDE  needs  from  1975  through  1984. 
For  option  2,  it  is  assumed  that  non-PIL  TMDE  replace  the  present  type  of  non-PIT, 
TMDE  within  the  USACC  inventory.  The  non-PIL  replacement  under  option  2 is  also 
performed  in  accordance  with  the  USACC  10-year  phasing  plan. 

For  each  option,  the  appropriate  PIL  or  non-PIL  TMDE  are  bought  the  year 
after  the  non-PIL  TMDE  are  disposed  of,  and  then  operated  and  maintained  each  year 
until  the  end  of  1984,  at  which  time  the  phased-in  TMDE  are  disposed  of. 

Option  1 and  2 are  computed  for  all  three  groups  of  TMDE, 

A third  option  for  scenario  3 was  designed  to  evaluate  the  economic  impact  of 
having  to  phase  in  a mixture  of  PIL  and  non-PIL  TMDE  during  the  10-ycar  life  cycle 
to  replace  non-PIL  TMDE,  while  still  satisfying  the  USACC  phasing  plan.  Whereas 
it  was  originally  intended  that  option  3 provide  for  the  phasing  in  a mixture  of  PIL 
and  non-PIL  TMDE,  no  suitable  rationale  could  be  developed  for  such  a deployment 
situation.  Therefore  it  was  determined  by  ARINC  Research  to  be  more  meaningful  to 
investigate  the  economic  impact  of  phasing  in  two  PIL  items,  A condition  such  as 
this  might  arise  after  several  years  of  standardization  when  an  advanced  state-of-the- 
art  TMDE  becomes  available  for  deployment,  and  it  is  considered  advantageous  from 
a mission  point  of  view  to  implement  the  new  PIL  TMDE,  This  option  is  evaluated  for 
Group  A only,  and  calls  for  the  phasing  in  of  one  type  of  PIL  TMDE  to  replace  ten 
different  types  (UPM-si,  DU-2A,  LCA-O,  RTA-5,  SA-84W,  TSA-VV2,  1L20,  1L30, 
851A,  and  8r>in),  and  then  the  phasing  in  of  another  PIL  TMDFl  tj^je  to  replace  the 
1L40.  The  second  PIL  TMDE  is  assumed  to  have  the  same  basic  cost  features  as  the 
1L40.  No  consirleration  was  given  to  functional  capability’  of  the  1L40  for  this  option, 
but  rather  it  was  used  only  to  demonstrate  economic  factors.  The  same  item 


♦This  scenario  was  evaluated  before  scenario  2,  as  discussed  in  Section  1.3,  and  is 
presented  in  that  order  in  this  report. 
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characteristic  data  used  for  the  1L40  in  other  options  was  used  for  option  3.  Only  the 
item  scenario  data  were  revised  to  show  that  the  1L40  is  replaced  by  phasing  in  a 
second  PIL  TMDK. 

2.  3.  3.  2 Scenario  3,  Option  1 

2.  3.  3.  2. 1 Description  - The  scenario  data  for  option  1 of  scenario  3 were 
developed  in  compliance  with  the  USACC  10-year  phasing  plan.  The  manner  in  which 
this  was  done  is  described  in  the  following  pai'agraphs,  using  TMDE  Group  A as  an 
example.  Examples  of  Group  A item  scenario  data  are  given  in  Table  9. 

The  USACC  phasing  plan  identifies  all  TMDE  in  the  current  inventory,  and  the 
year  in  which  they  are  to  be  replaced.  In  Group  A,  one  each  of  the  LCA-fi,  IlTA-5, 
SA-84W,  and  TSA-W2  arc  to  be  replaced  in  1975.  Upon  PIL  standardization,  these 
four  TMDE  would  be  replaced  by  phasing  in  four  PIL  TMDE  (USM-366).  These  PIL 
items  would  be  bought  in  1975,  operated  and  maintained  through  1984,  and  then 
disposed  of.  At  the  end  of  1975,  the  four  DU-2A  and  one  11.30  TMDE  that  have  been 
operated  and  maintained  during  that  year  are  disposed  of  in  anticipation  of  being 
replaced  in  1970,  The  handling  of  this  deployment  activity  can  be  observed  in  the 
item  scenario  data  file  shown  in  Table  9.  For  the  USM-OOO,  four  items  are  bought 
(B),  none  disposed  of  (D),  and  four  are  operated  and  maintained  (N)  in  1975.  For  the 
LCA-fi,  TRA-5,  SA-84VV,  and  TSA-W2,  the  item  scenario  data  show  that  no  items 
are  bought,  disposed,  or  operated  and  maintained  in  1975,  or  any  year  thereafter. 

No  disposal  occurs  for  these  four  TMDE  since  it  was  assumed  for  this  study  that 
TMDE  would  be  disposed  of  at  the  end  of  the  year  preceding  their  replacement.  The 
costs  for  items  disposed  of  in  1974  arc  treated  as  sunk  costs  in  this  study.  For  the 
DU-2A  and  1L30,  the  item  scenario  data  show  these  TMDE  operated,  maintained,  and 
disposed  of  in  1975. 

The  same  logic  used  for  the  above  actions  of  option  1 is  applied  to  the  other 
TMDE  for  the  remaining  years  of  the  life  cycle.  All  of  the  PIL  TMDE  phased  in  each 
year  are  added  to  the  previous  year's  density  of  operated  and  maintained  items.  This 
condition  is  cumulative  for  10  years. 

At  the  ('nd  of  1984,  all  PIT.  TMDE  arc  disposed  of  at  the  same  time.  For  this 
scenario,  the  costs  of  purchase,  first  destination,  documentation,  installation  and 
introduction  for  non-PIL  TMDE  replaced  arc  regarded  as  sunk  costs,  since  these 
TMDE  are  already  in  the  USACC  inventory. 


TABLK  9.  EXAMPLE  OF  ITEM  SCENARIO  DATA.OPTION  1 OF  SCENARIO  3 
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2,  2. 3,  2.  2 Life  Cycle  Costs  — The  total  life  cycle  costs  for  option  1 of  \ 
Scenario  3 are  the  sum  of  the  cumulative  costs  for  the  PIL  and  non-PII,  TMDK  com- 
puted by  the  life  cycle  cost  model.  For  example  the  total  life  cycle  costs  of  Group  A 
for  option  1 of  scenario  3 are  $2,575,782,  This  value  was  derived  by  adding  the  1984 
cumulative  costs  of  the  USM3r)6  and  non-PII.  groups  costs  shown  in  Table  10, 

Option  1 was  computed  for  the  TMDE  of  Groups  A,  B,  and  C, 


TABI.E  10,  GROUP  A LIFE  CYCLE  COSTS,  OPTION  1 OF  SCENARIO  3 
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2,  3,  3,  3 Scenario  3,  Option  2 

2, 3,  3,  3,1  Description  — The  scenario  data  for  option  2 were  developed  in 
accordance  with  the  USACC  10-year  phasing  plan.  For  this  option  the  non-PII.  TMDE 
in  the  inventory  were  replaced  by  other  non-PIL  TMDE  of  the  same  make  and  model. 
This  option  addresses  the  effects  prior  to,  or  in  the  event  that,  standardization  is  not 
implemented. 

Using  Group  A as  an  example,  the  data  were  developed  as  follows.  In  Group  A 
one  each  of  the  LCA-O,  RTA-5,  SA-84\V,  ;md  TSA-\V2  are  to  lie  replaced  in  1975.  In 
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tho  nbsonco  of  standardization  of  the  PIL,  these  four  TMDE  would  bo  replaced  by  four 
other  LCA-fi,  HTA-5,  SA-S4\V,  and  TSA-\V2  type  TMDE.  The  latter  four  items 
would  be  bought  in  1975  and  operated  and  maintained  through  1984.  In  1975,  the  four 
DU-2A  and  one  1L30  TMDE  that  have  been  operated  and  maintained  during  1975  are 
disposed  at  the  end  of  1975.  This  occurs  because  TMDE  are  disposed  at  the  end  of 
the  year  preceding  the  year  they  are  replaced.  The  item  scenario  data  showTi  in 
Table  11  demonstrate  the  above  discussion  for  the  DU-2A  and  LCA-fi. 


TABI.  E 11.  IT  EM  SC  ENAR  lO  DATA 


For  the  LCAfi,  one  item  is  bought  as  a replacement,  no  items  are  disposetl  of 
(since  they  were  disposed  of  in  1974),  and  the  item  purchased  is  operated  and  main- 
tained through  1984.  That  item  is  disposed  of  at  the  end  of  1984.  The  data  for  the 
HTA-5,  SA-S4\V,  TSA-\\^2,  arc  addressed  similarly  (see  Appendix  data  files  for 
Croup  A5).  The  item  scenario  data  for  the  DIT-2A  show  none  bought  in  1975,  but  four 
disposed  and  four  operated  and  maintained  in  that  year.  Since  four  DU-2A  TMDE  are 
bought  in  197fi  to  replace  these  items,  the  item  scenario  shows  four  bought,  operated 
and  maintained  in  197fi.  These  four  TMDE  are  operated  and  maintained  through  1984, 
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;it  which  time  they  are  disposed  of.  The  other  TMDh  in  Group  A arc  adtiressed  in  a 
similar  manner  until  all  are  replaced. 


For  this  option,  no  costs  are  incurred  for  the  purchase  of  TMDK  being  replacerl 
since  these  units  already  exist  in  the  USACC  inventory 

2. 3.  8. 3.  2 Life  Cycle  Costs  — The  total  life  cycle  cost  for  option  2 are  cumu- 
lative costs  for  the  non-PII.  TMDE  only.  For  group  A,  the  total  life  cycle  costs  are 
$3,807,432.  This  value  was  computed  by  the  life  cycle  cost  model  and  shown  by  the 
example  in  Table  12.  Option  2 was  computed  for  the  TMDE  of  Groups  A,  B,  and  C. 


TABLE  12.  CUMULATIVE  I.IFE  CYCLE  COSTS  FOR  NON-PIL  TMDE, 

OPTION  2 OF  SCENARIO  3 
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2.  3.  3. 4 Scenario  3,  Option  3 

2.3.  3.4. 1 Description  — The  scenario  data  for  option  3 of  scenai  io  3 were 
developed  in  accordance  with  the  USACC  10-year  phasing  plan.  For  this  option,  a 
procedure  similar  to  that  used  for  option  2 was  followed.  All  of  the  TMDE  except  for 
the  11,40  were  replaced  by  phasing  in  PIL  items.  Since  the  option  was  designed  to 
show  the  effects  of  phasing  in  two  I’lL  TMDE  types,  it  was  assumed  that  all  of  the 
lowest  density  types  (the  LCA-O,  UPM-84,  DU-2A,  RTA  3,  SA-S4\V,  TSA-\V'2,  1L20, 
11,30,  SljlA,  and  8.31B)  would  he  replaced  by  the  USM-3fif),  a PIL  item.  It  was  then 
assumed  that  the  remaining  TMDE,  the  11,40,  the  highest-density  item  in  Group 
would  bo  replaced  by  a second  PIL  item  rather  than  the  USM-OOO.  The  second  PIL 
item  selected  had  item  characteristics  the  same  as  the  1L40. 

The  functional  and  technical  capabilities  of  the  ILIO  were  not  considered  in  its 
selection;  rather  it  was  chosen  as  representing  the  item  of  highest  density. 
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[ 2.  2,  3,  4.  2 IJfc  Cycle  Costs  — The  total  life  cycle  costs  for  option  3 of 

■ scenario  3 arc  the  sum  of  the  cumulative  costs  for  the  PIL  anci  non-PIL  TMDE  com- 

puted by  the  cost  model.  Option  3 was  computed  for  Group  A TMDE  only. 

2.3.4  Scenario  2 

2. 3.  4.1  Description 

Scenario  2 was  desisned  to  evaluate  the  economic  impact  of  standardization 
accordins  to  the  situation  described  for  options  1,  2,  and  3 of  scenario  3,  but  under 
different  conditions  of  replacement.  For  this  scenario,  it  was  assumed  that  replace- 
ment of  the  current  in\  entory  of  TMDE.  would  bo,  done  in  such  a way  that  approximately 
109ir  of  the  total  TMDE  density  would  be  replaced  each  year  from  197;")  through  19S4. 

This  lOr  rate  was  selected  on  the  premise  that  it  would  provide  information  for 
a phasing  plan  in  the  event  that  USACC  was  unable  to  pursue  the  TMDE  phasing  plan 
discussed  earlier.  This  109?  scenario  was  evaluated  also  to  demonstrate  the  overall 
impact  on  life  cycle  costs  that  phasing  might  have,  and  provide  data  aid  in  optimizing 
some  future  phase-in  program. 

2.3.  t.  2 Scenario  2,  Option  i 

The  scenario  2 data  were  based  on  the  logic  that  if  53  items  were  to  be  replaced 
from  1975  - 19S4,  cither  five  or  six  would  be  affected  each  year.  .-Mso,  the  priority 
for  replacing  the  TMDE  was  to  eliminate  those  of  the  lowest  density  first,  continuing 
up  to  those  of  highest  density  until  all  TMDE  are  replaced.  PIT,  items  are  phased  in 
to  replace  the  non-PIL  items. 

The  item  scenario  data  of  Table  13  illustrate  option  1.  Here,  fi\e  PIL  TMDE 
are  bought,  operated  ;md  maintained  in  1975  to  replace  five  non-PIL  TMDE  (three 
UPMS  l and  two  DU2A)  disposed  of  in  1974.  The  two  remaining  DU2A  items  are 
operated,  maintained,  and  disposed  of  in  1975.  In  1975,  five  more  PIL  TMDE  are 
phased  in  to  replace  the  two  DU2A  and  one  each  LCA-G,  HTA-5,  and  SA-S4\V.  This 
same  logic  is  followed  throughout  option  1 until  19S4,  when  only  PIL  TMDE  remain 
in  the  ESACG  inventory. 

The  life  cycle  costs  for  option  1 are  the  sum  of  the  cumulative  costs  for  the 
PIL  and  non-PIL  TMDE  computed  by  the  life  cycle  cost  model. 
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TABLE  13,  EXAMPLE  OF  DATA  FILE  FOB  OPTION  1 OF  SCENABIO  2 
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2,:?.  4.:?  Sc-cnario  2,  Option  2 

I'hc  iti-m  scenario  data  for  option  2 was  developed  in  the  same  manner  as  for 
option  1,  except  that  non-PIL  TMOK  were  phased  in  to  replace  non-PlL  TMDK.  The 
data  files  for  this  option  are  provided  in  Appendix  A-2. 

The  life  cycle  costs  for  option  2 are  those  for  non-PIL  TMDI-:  only. 


2.2.  4,4  Scenario  2,  Oijtion  2 

The  item  scenario  data  for  option  3 was  developed  as  described  alx)ve  for 
option  1.  For  option  3,  the  11,40  was  assumed  to  represent  the  second  PIT  TMOF  (as 
it  was  in  option  3 of  scenai’io  3).  The  data  files  for  option  3 are  presented  in 
Appendix  A-2. 

The  life  cycle  costs  for  option  3 are  those  for  the  PIL  and  non-PIL  sroup.  The 
non-PIL  group  also  includes  the  1L40,  until  it  is  replaced  by  the  second  PIL  item. 

2.3.5  Case  1 

Case  1 was  designed  to  evaluate  the  econornic  impact  of  increased  item  density 
that  would  occur  upon  standardization  of  the  PIL,  This  case  was  exercised  using  the 
conditions  of  scenario  1,  and  utilized  the  same  data  files.  The  life  cycle  cost  compu- 
tations were  performed  by  implementing  changes  to  the  main  computer  program, 
”TMDF  1",  For  case  1 it  was  determined  trom  an  estimate  by  USACC  that  10  to  15 
baclaip  items  exist  for  TMDE  (i.e.,  appro.ximatcly  10',’  to  15', ( additional  TMDF  are 
procured  to  act  as  spares).  The  baclmp  items  are  maintained  because  initial  stockage 
of  spares  is  not  possible  in  the  logistics  system  for  TMDF,,  due  to  the  low  density 
resulting  from  the  use  of  many  different  makes  and  models  of  TMDE.  To  employ  an 
initial  stockage  of  spares  in  place  of  the  backup  system  would  require  a substantial 
increase  in  the  density  of  TMDE  of  the  same  make  and  model  as  would  occur  upon 
standardization.  For  example,  in  Group  B the  density  of  TMDE  would  increase  to 
more  than  000  of  one  type  if  the  PIL  item  were  adopted. 


To  demonstrate  the  impact  of  an  initial  stockage  supply  system  for  consumables, 
case  1 considers  a lOV  reduction  in  I MDE  density  for  PIL  EMDE,  and  increases  the 
unit  cost  of  the  PIL  TMDE  by  Ky;,'.  This  latter  value  represents  an  estimated  cost  for 
an  initial  stockage  system  for  consumables.  Life  cycle  cost  computations  were  per- 
formed for  Group  A TMDE  only,  since  that  group  has  the  lowest  density  of  the  three 
PIL  TMDE  in  this  study.  The  computations  for  cases  1 through  3 are  detailed  in 
Appendix  A. 
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2.3.  f,  Case  2 

Case  2 was  designed  to  evaluate  the  effects  of  inflation  and  discounted  cash  flow 
on  life  cycle  costs  of  the  PIL  and  non-PIL  TMDf].  Three  different  life  cycle  cost 
computations  were  performed,  using  the  conditions  and  data  files  of  scenario  1. 

Table  14  shows  the  exercises  performed  for  Case  2. 


TABLE  14.  CASE  2 LCC  MODEL  EXERCISES 


TMDE 

File 

Group 

Name 

Description  of  LCC  Exercise 

A 

GRPAl 

0*^  inflation,  0%  discounted  cash  flow 

A 

GRPAl 

0*^  inflation,  10';?:  discounted  cash  flow 

A 

GRPAl 

LCC-defined  inflation,  09i  discounted  cash  flow 

2.3.7  Case  3 

Case  3 was  evaluated  to  demonstrate  the  economic  effects  of  volume 
discounting  realized  from  standardization  of  the  PIL.  This  could  occur  because  the 
manufacturer  of  the  item  may  discount  the  unit  cost  of  TMDE  when  USACC  purchases 
larger  quantities  of  TMDE  of  one  type. 


For  this  case.  Groups  B and  C were  evaluated  by  reducing  the  cost  of  hardware 
in  accordance  with  the  following: 


Hardware  Cost 
Group  Reduction 


IB 

2B,  3B,  4B 
C 


2o':i 

lo^i; 

in';; 


The  percentage  values  used  were  estimates  provided  by  the  manufacturer  of 
the  pertinent  items. 
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2.1  SENSITIVITY  ANALYSIS 


The  life  cycle  cost  model  was  exercised  during  Task  4 to  determine  the  effects 
on  TMDE  life  cycle  costs  of  variations  in  certain  key  input  parameters.  This  section 
describes  the  various  sensitivity  analyses  performed.  Results  of  this  task  are 
detailed  in  Section  2.  5. 


2.4.1  Variations  in  Mean  Time  Between  Failures  (MTBF) 

The  sensitivitj'  of  life  cycle  costs  to  variations  in  MTBF  was  examined  for  the 
PIT  TMDE  in  Gi’oups  A,  B,  and  C by  varying  the  nominal  values  used  in  the  data  files 
for  scenario  1.  The  MTBF  values  and  the  groups  to  which  these  pertained  are  as 
follows: 


PIL  TMDE 

Group 

Nominal  MTBF,  hr 

USM-3fi6 

A 

411 

CP-772A  /U 

IB 

218 

CV-2002/U 

2B 

1351 

CV-2003B''r 

3B 

3040 

rv-nofio^u 

4B 

900 

432A 

C 

598 

The  computations  were  performed  by  changing  the  failure-rate  equation  in  the 
main  program  "TMDE  1"  to  reflect  a 50'/c  decrease  in  MTBF  for  each  PIL  TMDE. 
This  variation  in  MTBF  was  also  made  in  the  equation  used  to  derive  annual  mainte- 
nance manhours,  by  changing  the  main  program  "TMDE  1"  to  reflect  a Sty',  decrease 
in  M TBF.  The  life  cycle  cost  values  obtained  were  plotted  with  life  cycle  costs  for 
the  nominal  MTBF  value. 

For  Group  B,  four  computations  were  performed,  one  for  each  subgroup. 

These  life  cycle  cost  values  wei*e  summed  and  plotteil  against  the  life  cycle  costs  for 
the  nominal  MTBF  value. 

2,4.2  Variations  in  Mean  Time  to  Repair  (MTTB) 

The  sensitivity  of  life  cycle  costs  to  variations  in  mean  time  to  repair  was 
examined  for  the  PIL  TMDE  in  Groups  A,  B,  and  C by  varv'ing  the  nominal  values 
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used  in  the  data  files  for  scenario  1,  The  MTTR  values  and  the  groups  to  which 
these  pel  vned  are  as  follows: 


PIT  TMDK 

Group 

Nominal  MTTR, 
hr/yr 

USM-3fi6 

A 

5,33 

rP-772A/U 

IB 

10.0 

CV-2002/U 

2B 

1,  59 

CV-2003B/U 

3B 

0.73 

CV-3059/IT 

4B 

2.29 

43  2A 

C 

1.83 

The  life  cycle  cost  values  obtained  were  plotted  with  the  life  cycle  costs  for  the 
nominal  value  of  MTTR  varied  by  ±50%. 

2.4.3  Variations  in  Consumables  Cost 

The  sensitivity  of  life  cycle  costs  to  variations  in  the  cost  of  consumables  was 
examined  for  Groups  A,  B,  and  C by  varying  the  consumables  cost  value  used  in  the 
main  program.  Consumables  costs  are  computed  by  the  LCC  model  as  a percentage 
of  the  unit  cost  of  TMDK.  The  computations  for  sensitivity  analysis  of  consumables 
cost  were  made  by  varjdng  this  percentage  over  a +50^’  range. 

2.4.1  Variations  in  Operating  Hours  (NIIO) 

The  sensitivity  of  life  cycle  costs  to  variations  in  the  number  of  hours  spent  in 
the  operation  of  TMDK  was  examined  for  Groups  A,  B,  and  C.  For  these  exercises, 
the  nominal  value  of  NllO  for  PIT  TMDK,  which  is  300  hours  per  year,  was  varied 
over  ! 50'?,' . 


2.  5 T,CC  R KSULTS  AND  ANALYSIS 


Results  of  the  LCC  and  sensitivity  analyses  performed  for  the  various  scenarios, 
cases,  and  parameter  variations  described  earlier  are  presented  in  this  section. 
Implications  of  these  results  in  terms  of  their  potential  effects  on  USACC  operations 
are  evaluated  in  Section  2.  5. 1 and  2.  5.  2 for  the  LCC  and  sensitivity  analyses, 
respectively.  Certain  nonquantifiable  benefits  associated  with  standardization  are 
discussed  in  Section  2.5.3. 

2,  5. 1 I.ife  Cycle  Cost  Results 

The  values  obtained  by  exorcising  the  LCC  model  for  the  various  scenarios  and 
cases  defined  for  the  Phase  III  investigation  are  discussed  in  the  following  paragraphs 
and  summarized  in  Table  15.  Visual  presentations  of  the  data  appear  in  Figures  1 
through  3,  in  which  the  LCC  data  are  shown  in  bar-graph  form  comparing  the  TMDF 
standardization  alternatives. 

2.5. 1 . 1 Results  of  Scenario  1 

2.  5. 1. 1. 1 Life  Cycle  Costs  — The  life  cycle  costs  for  each  of  the  throe  PIL 
TMDF  of  Groups  A,  B,  and  C are  significantly  lower  than  the  corresponding  costs  of 
the  non-PIL  TMDF  they  can  replace  if  standardization  were  implemented.  The 
largest  cost  differential  is  in  Group  B,  which  contains  the  main  frame  (IBl  and  three 
related  plug-ins  (2B,  3B,  and  4BL  The  USACC  cost  of  ownership  for  the  Group  B 
PIL  items  is  $2  million  less  than  the  cost  of  the  38  different  non-PIL  items  they  could 
ret:)lacc.  This  condition  for  Group  B is  especially  significant  since  the  unit  price  of 
the  PIL  item  (CP  772A/U)  is  considerably  alx)ve  tlie  a\'erago  price  of  the  non-IML 
TMDF  it  replaces.  Also,  the  MTBF  of  the  CP  772A/U  is  the  lowest  of  all  the  TMDF 
in  Group  B.  Nevertheless,  the  lower  LCC  and  increased  versatilit>’  of  the  Cl'  772A/11 
in  the  USACC  force  structure  outweighs  those  encumberances. 

The  LCC  of  the  PIL  TMDF  in  Group  A is  $1.5  million  less  than  that  for  the 
11  different  non-PIL  typos  they  can  replace;  while  the  LCC  of  the  PIL  items  in 
Group  C are  $1.8  million  less  than  for  the  six  different  non-I'II,  items. 

If  the  three  selecttnl  I'lL  TMDF  of  Groups  .A,  B,  and  C were  standard  items, 
USACC  would  realize  a reduction  of  more  than  $5  million  in  life  cycle  costs  over  that 
for  the  55  diffi'rent  types  of  TMDF  that  could  potentially  be  rc'placi'd. 
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TABI  E 15.  SUMMARY  OF  LCC  RESULTS  (Sheet  1 of  2) 


Description 

Life  Cycle 
Cost  (.$) 

LCC  of  PIL  TMDE 

2,. so  t,  75.5 

I,CC  of  non-PIL  TMDE 

9,757, 159 

I,CC  of  PII,  TMDE 

24,521,517 

LCC  of  non-PIL  TMDE 

25,497,229 

I,CC  of  PIT,  TMDE 

8,57.9,075 

LCC  of  non-PIL  TMDE 

10,529,410 

PIL  Phased-in  to  replace 
non-PIL  TMDE  (lOOi'I 

2,559,755 

Non-PIL  Phased  in  to  replace 
non-PIL  TMDE  (109; I 

9, 722,082 

1 

Phase  in  of  PIL  and  non-PIL  mi,\ 
to  replace  non-PIL  TMDE  (lO^tl 

2,855,722 

ITL  Phased-in  to  Replace 
non-PIL  TMDE;  USACC  Plan 

2,575,782 

Non-Pil  Phased-in  to  Replace 
non-PIL  TMDE;  USACC  Plan 

9,807,492 

Phase-in  of  PIT,  and  non-PIT,  2,  777,549 
mix  to  replace  non-PIL 
TMUE;  I'SACC  Plan 

PIT,  Phased-in  to  Replace  24,759,282 

non-PIL  TMDE;  USACC  Plan 

Kon-PIL  Phascd-in  to  Replace  25, .'119, 507 
non-PIL  TMDE;  l\SArr  Plan 


PIL  TMDE  Phased-in  to  Re- 
place non-PIL  TMDi:; 

USACC  Plan 

9,912,5.54 

1 

Non-PIL  'I’MDE  Phased-in  to 
Replace  non-PIL  TMDE; 

USACC  Plan 

10,499,277 

TABL1-;  If).  (SlKH't  2 of  2) 


'I'MDK 

Croup 

Descriiition 

Life  Cycle 

C ost  (S) 

A 

Initial  Stockage  for  PIl, 

TMDF 

2,  127, 129 

A 

LCC  of  PIL  TMDF  with  OV; 
Inflation 

l,7Kd,242 

A ! 

1 

LCC  of  non-PIL  'I'MDF  with 

07(  Inflation 

2,fl21,s92 

A 

1 

LCC  of  PIL  TMDF  with  OL 
Inflation  and  09?  Discountcfl 

Cash  Flow 

2, 753, 19s 

1 

LCC  of  Non-l'II.  TMDK  with 
O'T  Inflation  and  0'  Dis- 
counted Cash  Flow 


I.CC  of  I’lL  TMDI-;  with 
Volume  Discount 


LCC  of  PIT,  TMDK  with 
X'olume  Discount 

Reduced  Density  from 
extended  Functional 
Capability 


1 , 7 L),  0 1 d 


LCC  of  PIL  TMDF  with  OOf 
Discounted  Cash  Flow 

2, 745, Old 

LCC  of  Non-PIL  TMDF  with 

09(  Discounted  Cash  Flow 

5,.s58,7d2 

22,0  Id,  122 


I',  572, 420 

I 

i9,dii,oni 


The  foi’esoing  data  will  now  be  discussed  in  terms  of  the  individual  elements  of 
the  life  cycle  eost. 

2,  5. 1. 1.  2 Breakdown  of  Cost  Elements  — The  costs  incurred  for  the  11  ele- 
ments of  the  TMDE  LCC  are  presented  in  Tables  10  through  18  for  Groups  A,  B,  and 
C.  As  can  be  seen  the  predominant  cost  element  for  all  groups  is  that  for  personnel 
to  operate,  maintain,  and  calibrate  (A-  and  C-level)  TMDE  in  the  USACC  force 
structure.  More  than  80%  of  the  LCC  of  Group  B is  personnel  costs,  while  for 
Groups  A and  C the  figure  is  in  the  order  of  00'^ . 

The  effects  of  standardization  (I.  e. , less  time  spent  by  personnel  operating 
PIL  TMDE),  impact  on  the  differences  in  personnel  costs  between  the  PIT  and  non- 
PII.  items.  This  difference  is  likely  to  become  even  greater  when  the  nonquantifiable 
benefits  of  standardization  described  in  Section  2.5.3  impact  on  the  operating 
personnel. 

Other  cost  elements  that  play  a major  role  in  creating  the  LCC  difference 
between  PIL  and  non-PIL  TMDE  are  those  of  introduction,  holding,  and  documenta- 
tion. These  cost  elements  are  directly  affected  by  the  quantity  of  different  types  of 
TMDE  in  the  USACC  inventory. 

The  costs  of  documentation  for  the  throe  PlI.  items  contribute  only  a small  per- 
centage of  the  LCC,  whereas  the  costs  of  documentation  for  the  non-PIL  items  is 
substantial.  The  major  reason  is  that  only  one  set  of  documents  is  required  for  each 
PIL  item  (TM,  TB  and  RPSTT.'s),  w'hile  each  of  the  more  numerous  PIL  items 
requires  its  own  set  of  documents.  For  the  non-PII.  item  in  this  study,  there  are 
55  different  TMs,  TBs,  and  RPSTLs,  for  a total  of  155  different  documents  versus 
the  18  if  PIL  standardization  were  implemented. 

Extra  costs  for  introduction  and  holding  are  also  associated  with  the  prolifera- 
tion of  different  TMDE.  Each  item  tyT^c  introduced  and  maintained  in  the  inventory 
has  an  associated  expense  that  can  be  reduced  if  there  are  fewer  tjpes  in  inventory. 

For  (b’oup  B PIT,  items,  the  effects  of  high  unit  price  and  low  MTBF  can  be 
observed  for  the  cost  elements  of  purchase  and  consumables.  These  two  cost  ele- 
ments are  higher  for  the  PIT.  than  for  the  non-PIL  TMDE.  The  higher  cost  of  con- 
sumables results  from  the  greater  frcxiuency  of  failure  experienced  by  the  CP772A/r. 
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TABLE  16.  LCC  COST  ELEMENTS  FOR  SCENARIO  1,  GROUP  A 
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Cost  of  Elemc'nt  for  Non-IML  TMni 


XC  COST  ELEMENTS  FOR  SCENARIO  1,  GROUP  B 


TABLE  18.  LCC  COST  ELEMENTS  FOR  SCENARIO  1,  GROUP  C 


! 

1 


r 


Coi’tain  cost  elements  have  no  significant  impact  on  the  LCC  or  on  the 
(lifferences  in  I.CC  between  PIL  and  non-PIIj  TMDE.  These  cost  elements  are  first 
destination  transportation,  maintenance  transportation,  and  installation,  each  of 
which  contributes  less  than  1%  of  the  total  LCC.  The  cost  element  of  disposal  has 
little  impact  on  the  LCC  results  for  scenario  1;  the  asset  values  from  disposal 
(i.e.,  salvage)  for  Groups  A,  B,  and  C are  less  than  l9r  of  the  LCC, 

2.5. 1.2  Results  of  Scenario  3 

The  LCC  results  obtained  from  the  phase-in  scenario  demonstrate  that  sub- 
stantial cost  benefits  will  be  derived  by  USACC  if  the  current  inventorj’  of  non-PIL 
TMDE  is  replaced  by  PIL  TMDE  (Option  1).  This  condition  would  occur  if  the  three 
selected  PIL  items  of  this  Phase  III  economic  analysis  were  standardized. 

If  standardization  were  not  implemented,  and  USACC  replaced  the  current 
inventory  with  the  same  types  of  non-PIL  TMDE  (option  2),  a higher  LCC  would 
occur. 

The  cost  benefits  from  phasing  in  PIL  items  to  replace  non-PIL  types  are 
$1,3  million  for  Group  A,  $1.7  million  for  Group  B,  and  $1. 1 million  for  Group  C. 
For  these  three  groups,  therefore,  a saving  of  $4  million  is  realized  in  favor  of 
option  1 over  option  2. 

The  largest  percent  cost  difference  between  PIL  and  non-PIL  TMDE  life  cycle 
costs  is  in  Group  A,  wherein  a 47*^  lower  I.CC  occurs  for  the  PII.  items  of  option  1, 

The  LCC  results  for  option  3 indicate  that  USACC  would  still  obtain  significant 
cost  benefits  if  two  PIT.  types  were  phased  in  to  replace  the  non-PIL  TMDE,  rather 
than  replacing  by  non-PIL  of  11  different  types.  The  LCC  costs  of  option  3 are 
slightly  higher  than  those  for  option  1,  However  the  results  of  option  3 imply  that 
USACC  can  update  its  inventory  with  new  equipment  of  advanced  design  without 
excessive  cost  penalties. 

The  factors  contributing  to  the  cost  differences  of  options  1,  2,  and  3 arc 
described  below. 

2. 5.  1,  2. 1 Breakdown  of  Cost  Elements  - Scenario  3 — For  scenario  3,  the 
total  LCC  of  each  option  comprises  the  recurring  coats  for  the  non-PIL  itenis  being 
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roplact'd  and  Ixith  the  recurring  and  nonrecurring  costs  for  the  TMDK  l)eing 
phased  in.  The  costs  for  purchasing,  documentation,  first  transportation,  and  instal- 
lation are  sunk  costs  for  the  items  being  replaced  since  it  is  assumed  for  scenario  .‘1 
that  those  items  are  already  in  the  USACC  inventory. 

The  cost  elements  that  constitute  the  largest  percentage  of  the  total  LCC  for 
scenario  3 are  indicated  in  Tables  19  through  22.  The  differences  in  these  cost 
elements,  for  PIL  and  non-PIL  items,  represent  cost  benefits  attendant  to  the  phasing 
f in  of  PIL  items  to  replace  non-PIL  types. 

For  Gi’oup  A,  the  largest  difference  in  cost  elements  between  PIL  and  non-PIL 
' items  is  for  purchasing,  consumables,  holding,  and  documentation.  Fxcept  for 

I purchasing,  these  cost  elements  are  influenced  by  the  quantity  of  different  t\qaes  of 

TMDE  in  the  inventory.  This  condition  was  described  for  scenario  1. 

' The  cost  elements  of  Group  B which  contribute  most  to  the  I.CC  differences  are 

personnel  and  documentation.  Since  the  MTBF  of  the  PIT-  item  in  Group  B is  low  in 
comparison  with  the  corresponding  non-PII.  items,  it  causes  higher  costs  for  con- 
f.  sumables  for  the  PIL  items.  Nevertheless,  the  cost  benefits  of  standardization 

(e.  g. , reduction  in  different  types)  impact  on  personnel  and  documentation  to  the 
extent  that  the  effects  of  high  MTBF  are  outweighed  and  the  LCC  of  the  PIL  item  is 
still  lower  than  that  of  the  non-PIL  item. 


J 

j 

j 
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For  Group  C,  the  predominant  cost  differences  are  for  personnel,  flocumenta- 
tion,  and  consumables.  The  cost  benefits  of  standardization  arc  not  as  great  as  for 
Group  B,  since  only  six  different  types  are  replaced.  However,  the  effects  of 
standardization  still  result  in  over  $1  million  savings  for  Group  C in  option  1. 

The  same  cost  element  impact  noted  for  Group  A in  o]ition  1 holds  for  option  3 
when  two  PIL  items  are  phased  in  to  replace  the  non-Pll  items.  For  option  3,  the 
cost  elements  of  personnel,  documentation,  consumables,  an<'  holding  have  the  major 
influence  on  the  differences  in  LCC  between  that  option  and  option  2.  I'hi'  cost  ele- 
ments  for  option  3 are  slightly  higher  than  those  of  option  1,  sinee  two  PIL  it('ms  are 
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TABLE  20.  LCC  COST  ELEMENTS  FOR  SCENARIO  3,  OPTIONS  3 AND  2,  GROUP  A 


FABLE  21.  LCC  COST  ELEMENTS  FOR  SCENARIO  3,  OPTIONS  1 AND  2,  GROUP 
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2..').  1..“?  KesiiUs  of  Sconario  2 

The  life  cycle  cost  results  for  scenario  2 show  that  USACC  will  still  attain  cost 
benefits  when  PIL  items  are  phased  in  to  replace  the  non-PIL  items  in  the  inventory 
by  some  other  logical  phasing  plan  than  that  used  for  Scenario  3.  Moreover,  when 
the  results  of  scenario  2 and  " are  compared  for  Group  A TMDf’,  it  is  observed  that 
the  LCC  of  option  1 (PIL  phase-in)  can  be  further  optimizetl  if  desired  by  USACC 
through  examination  and  analysis  of  the  variables  of  quantity,  time,  and  type  of  TMUK 
associated  with  a phasing  plan.  An  example  of  how  this  might  be  accomplished  is  to 
phase  in  PIL  items  to  replace  the  non-PIL  items  having  the  highest  operating  and 
maintenance  (O&M)  costs  first,  thereby  reducing  the  excessive  recurring  costs  of 
these  items  over  the  10-year  period  from  107~>  through  1984.  For  Group  A,  the  LCC 
results  for  option  1 of  scenario  2 are  slightly  higher  than  those  for  the  same  option  of 
scenario  3.  This  difference  is  explained  by  the  fact  that  in  scenario  3,  the  USACC 
plan  calls  for  an  earlier  phase  in  of  PIL  items  for  non-PIL  items  having  higher  O&M 
costs. 

2.5. 1.3. 1 Breakdown  of  Cost  Elements  - Scenario  2 - The  cost  element  break- 
down for  options  1,  2,  and  3 of  scenario  2 are  presented  in  Tables  23  and  24.  The 
cost  elements  impacting  most  significantly  on  the  I.CC  for  scenario  3 are  similar  to 
those  for  scentario  2. 

2.5. 1.4  Results  of  Case  1 

The  present  provisioning  system  of  USACC  is  based  on  demand  for  parts  and 
spares;  that  is,  those  items  are  reordered  only  if  a demand  for  them  exists  within  a 
specific  time  period  (e.  g. , 120  days).  Since  the  current  proliferation  of  TMDK 
results  in  low  densities,  it  is  not  practical  or  economically  feasible  to  introduce  a 
different  stockage  program.  Therefore,  USACC  uses  the  operational  readiness  float 
system  to  prevent  TMDE  failures  from  causing  an  availability  problem  in  fulfilling 
the  mission  profile. 

If  the  density  of  one  type  TMDF  increased  (e.g. , such  as  if  standardization 
occurred)  USACC  would  find  it  cost  effective  to  have  an  initial  stockage  program  for 
provisioning  of  TMDE  rather  than  having  to  depend  on  the  operational  readiness  float 
system.  Using  Group  A as  an  example,  USACC  would  realize  cost  savings  of  10'’.' 
alxivc  that  if  standardization  occurred  and  no  initial  stockage  system  were  imple- 
mented. The  effect  gained  from  standardization  is  shown  by  case  1 as  a reduction  in 
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TABLE  23.  LCC  COST  ELEMENTS  FOR  SCENARIO  2,  OPTIONS  1 AND  2,  GROUP  A 


TABLE  24.  LCC  COST  ELEMENTS  FOR  SCENARIO  2,  GROUP  A,  OPTIONS  3 AND  2 


I 


life  cycle  costs  thi’ough  the  elimination  of  the  T.CC  costs  for  the  extra  10',’  density  of 
items  used  for  the  readiness  float  system. 

2,  5. 1.5  Results  of  Case  2 

The  results  of  the  computer  exercises  conducted  to  examine  the  effects  oi 
inflation  and  discounted  cash  flow  indicate  that  these  conditions  have  no  significant 
impact  on  the  relative  I.CC  for  PIL  and  non-PIL  TMDE.  If  discounted  cash  flow  were 
applied  and  no  inflation  occurred  for  a 10-year  period,  the  life  cycle  cost  difference 
between  PIL  and  non-PIL  TMDE  would  increase  by  O'}?.  If  no  discounted  cash  flow  or 
inflation  occurred  for  a lO-year  period,  the  cost  differences  between  PIL  anfl  non- 
PIL  TMDE  would  lessen  by  approximately  2^'! . A decrease  in  the  cost  difference 
would  occur  if  no  discounted  cash  flow  were  applied  but  inflation  occurred  during  the 
10-year  period. 

It  is  unlikely  that  any  of  the  above  three  conditions  will  be  seen.  However,  if 
they  do  occur,  they  will  not  have  a noticeable  effect  on  any  decision  to  implement 
standardization  of  the  three  PIL  TMDE  in  the  study. 

2.  5. 1.0  Results  of  Case  3 

The  life  cycle  costs  of  PIL  TMDE  in  Croups  R and  C will  be  further  decreased 
over  that  of  the  non-PIL  TMDE  in  Groups  R and  C if  volume  discounts  arc  applied  bv 
the  manufacturer  to  the  purchase  price.  This  condition  would  probably  occur  for  the 
PIL  items  of  Groups  R and  C,  since  the  density  of  each  will  increase  to  over  500 
items  when  all  of  the  corresponding  non-PIL  items  are  replaced  in  the  LSACr 
inventory.  The  economic  effects  of  volume  discounts  for  PIL  items  of  the  two  groups 


examined  are  projected 

as  follows: 

LCC  Renefit* 

LCC  Rcnefit* 

Group 

Volume  Discounts 

No  Volume  Discounts 

R 

$ 2,  142,797 

S 1,975,012 

C 

$ 1,919,900 

$ 1,850,224 

*Rencfit  defined  as  the  difference  between  the  LCC  of  PIL  and  non-PIL  TMDE. 


( 
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2.5,2  Sensitivity  Analysis  Results 

2.5.  2.1  Variations  in  MTBF 

Figure  4 shows  the  effects  on  PIL  item  life  cycle  costs  from  scenario  1 if  the 
nominal  values  for  MTBF  differed  from  those  used  in  this  study.  For  Group  A,  an 
approximate  100%  decrease  in  MTBF  (from  411  hours  to  200  hours),  would  cause  the 
PIL  LCC  to  be  $2.4  million  as  compared  with  $3.7  million  for  the  non-PIL  TMDE, 

The  nominal  MTBF  would  have  to  decrease  by  several  hundred  percent  (e.  g. , 5009?), 
to  less  than  50  hours,  to  show  a significant  influence  on  the  LCC  results  of  this  study 
for  Group  A TMDE. 

Four  Group  B,  an  approximate  100%  decrease  in  MTBF  (218  to  100  hours)  would 
result  in  equal  LCC  for  the  PIL  and  non-PIL  TMDE.  The  current  MTBF  of  the 
Group  B PIL  item  is  now  lower  than  any  non-PIL  TMDE  it  can  replace.  It  is  unlikely 
that  the  nominal  MTBF  for  Group  B is  significantly  less  than  shown  in  the  AMC 
records  that  were  the  source  of  these  data. 

It  is  worth  noting  that  if  the  MTBF  of  Group  B doubled  to  400  hours,  the  life 
cycle  cost  satungs  would  be  about  $2  million  more  than  for  the  LCC  of  the  nr  minal 
value.  Thus,  early  action  by  USACC  to  improve  the  reliability  of  the  Group  B PIL 
item  is  clearly  indicated. 

For  Group  C,  the  nominal  value  of  600  hours  for  MTBF  would  have  to  decrease 
by  several  hundred  percent,  to  less  than  120  hours,  for  the  life  cycle  costs  to  be  equal 
to  that  of  the  non-PIL  items. 

2. 5.  2.  2 Variations  in  MTTR 

Figure  5 shows  the  effects  on  PIL  item  life  cycle  costs  from  scenario  1 if  the 
nominal  values  of  mean  time  to  repair  were  different  from  those  used  in  this  study. 

For  Groups  A and  C TMDE,  the  MTTR  would  have  to  be  several  hundred  percent  of  the 
nominal  value,  of  5.3  and  1.83  respectively,  before  the  LCC  cost  of  the  PIL  TMDE 
would  be  approximately  equal  to  that  of  the  non-PIL  TMDE. 

In  Group  B,  if  the  MTTR  increased  to  20  hours,  from  the  nominal  value  of  10 
hours,  the  life  cycle  cost  of  the  PIL  item  would  be  approximately  equal  to  that  of  the 
non-PIL  items.  This  condition  is  unlikely  since,  because  of  the  modular  design  of 
the  PIL  item,  the  MTTR  for  the  PII.  items  are  likely  to  be  close  to  that  value  used  in 
this  study. 
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Percent  of  Nominal  Value 


Figure  5.  Life  Cycle  Cost  of  PIT.  TMDE  \'s. 
Mean  Time  to  Rqiair  (MTTR) 
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2,5. 2.3  V'ariations  in  Consumables  Cost 


The  cost  of  consumables  for  Groups  A and  C PIL  TMDE  would  have  to  be  more 
than  five  times  greater  than  the  nominal  value  of  this  study  before  the  I.CC  of  the  Pll. 
items  becomes  approximately  equal  to  that  of  the  non- PIT.  items. 

For  Group  B PIL  TMDF,  the  cost  of  consumables  would  need  to  be  more  than 
1,5  times  tin  value  used  before  the  LCC  were  approximately  equal  to  that  of  non-PIL 
items.  The  cost  of  consumables  is  computed  by  the  LCC  model  as  a percentage  of  the 
unit  cost  of  TMDE.  The  percentage  value  used  was  12.  5^',  considered  a firm  figure;* 
an  increase  to  209(  is  needed  to  eciualize  the  LCC.  Figure  fi  illustrates  this  analysis 
for  the  three  TMDE  groups. 

2.  5.  2.  4 Variations  in  Number  of  Hours  of  Operation 

The  number  of  hours  that  personnel  spend  operating  PIT.  TMDE  has  a significant 
impact  on  its  life  cycle  costs.  For  Group  A,  if  the  number  of  hours  increased  by 
lOOSf,  the  life  cycle  cost  of  the  PIL  TMDE  would  be  approximately  equal  to  that  of  the 
non-PIL  TMDE.  This  condition  is  shown  in  Figure  7. 

If  the  number  of  hours  of  operation  increased  by  20^  for  Groups  R or  C,  the 
LCC  would  be  approximately  equal  to  that  of  the  non-PIL  items. 

Since  USACC  has  provided  data  on  NIIO  which  indicates  that  the  NHO  for  non- 
PIL  is  higher  than  for  PIL  items,  it  is  unlikely  that  the  values  for  this  study  would 
increase  by  these  orders  of  magnitude. 

2,  5,  3 Nonquantifiable  Benefits  of  Standardization 

Three  major  nonquantifiable  benefits  that  would  be  realized  upon  standardiza- 
tion of  the  TMDE  PIL  were  identified  during  the  Phase  III  economic  analysis; 

a.  Improved  morale  of  personnel 

b.  Enhanced  TMDE  reliability 

c.  Improved  functional  capability  of  TMDE. 

Each  of  these  nonquantifiable  factors  will  contribute  to  increasing  the  cost  benefits 
noted  from  the  LCC  exercises  described  in  earlier  sections  of  this  report.  These 
nonquantifiable  b(>ncfits  are  discussed  below. 
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Non-P!l.  TMDE 

Non-PIL  TMDE  ($3.8  Million) 


Mo'Tiffial  Value 


Percent  of  Nominal  V'alue 

Figure  7.  Life  Cycle  Cost  of  PIL  TMDF,  Vs.  Number  of  Hours  of  Operation 


2.  B.  3,  1 Improved  Morale 


With  PIL  TMDE  standardization,  the  morale  of  USACC  personnel  would 
improve  by  virtue  of  the  reduction  in  different  types  of  TMDE  in  the  inventory.  The 
following  factors  would  contribute; 


a.  The  number  of  different  types  of  manuals  for  operation,  calibration 
and  repair  and  the  large  volume  of  pages  associated  with  the  non- 
PIL  TMDE  would  decrease  markedly.  As  a result,  personnel  will 

be  relieved  of  the  concern  and  burden  associated  with  the  proliferation 
of  documents. 

b.  Personnel  could  be  trained  in  the  DA  schools  on  the  actual  types  of 
TMDE  they  would  encounter  in  the  force  structure,  rather  than  on  a 
broad  range  of  items.  Personnel  thus  specifically  trained  would 
function  with  greater  confidence  and  efficiency  when  encountering 
items  with  which  they  are  familiar. 

c.  TMDE  operators  would  use  the  same  equipment  types  more  often,  in 
everyday  activities,  thus  gaining  increased  familiarity.  This  would 
result  in  increased  personnel  efficiency  for  repair,  calibration,  and 
operation  of  TMDE. 

2.  5. 3.  2 Improved  Reliability 

If  the  number  of  different  TMDE  types  were  reduced  through  standardization, 
the  following  conditions  would  promote  an  improvement  in  equipment  reliability:  | 

a.  Because  of  their  increased  familiarity  with  an  item,  personnel  would  j 

find  it  easier  to  diagnose  faults  and  analyze  the  failure  modes  and  i 

mechanisms  that  cause  the  reliability  problems.  j 

i 

b.  With  this  situation,  more  complete  and  more  accurate  failure  infor-  | 

mation  could  be  recorded  and  made  available  for  analyses.  As  a j 

result,  the  TMDE  experiencing  reliability  problems  could  be  j 

addressed  through  a program  designed  specifically  to  aid  in 


( 2.  5.  3.  3 lacreasocl  Functional  Capability 

If  standardization  were  implemented  for  the  PIL  items,  USACC  would  derive 
certain  benefits  from  the  increased  functional  capability  of  the  standardized  items 
which  are  not  quantifiable  at  this  time.  An  example  would  be  the  CP772A/U  of 
Group  B,  a main  frame  unit  capable  of  making  measurements  up  to  50  MHz  without 
any  plug-ins  and  up  to  12.4  GHZ  with  its  three  plug-ins  of  Group  B.  The  main  frame 
imit  can  perform  the  functions  of  several  non-PIL  TMDE  having  only  a limited  mea- 
surement range.  With  the  three  plug-ins,  the  Group  B items  can  perform  frequency 
measurements  that  require  as  many  as  six  to  ton  different  TMDE.  Therefore  the 
implementation  of  the  PIE  TMDE  would  result  in  a reduction  in  the  number  of  items 
required  in  the  USACC  inventory  to  perform  these  test  measurements. 

USACC  is  investigating  this  potential  benefit  at  certain  sites  to  determine'  the 
effects  on  availability  of  TMDE  to  accomplish  the  mission  profile.  No  specific  data 
are  available  at  this  time  to  perform  an  LCC  analysis  on  the  subject  of  reduced 
density,  nor  was  such  an  analysis  within  the  scope  of  this  Phase  III  study.  However, 
to  demonstrate  the  impact  of  this  potential  benefit  on  ECC,  a computer  exercise  was 
accomplished  for  an  assumed  reduction  in  TMDE  density  of  20'7( . Results  of  this 
exercise  demonstrate  that  USACC  will  derive  a $3  million  cost  benefit  if  the  density 
can  be  reduced  by  that  amount.  Cost  benefits  derivable  from  various  specific 
reductions  in  density  are  illustrated  in  Figure  8. 


Percent  of  Nominal  Value 

Figure  8.  Eifc  Cycle  Cost  of  Group  B PIE  TMDE  Vs.  Density 
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APPENDIX  A-2 
LCC  DATA  FILES 


File  Name 

Description 

Page 

GRPAI 

Data  for  the  PIL  and  11  non-PIL  TMDE  used  to  determine 
LCC  of  Group  A TMDE  for  scenario  1 

A.  2-3  to 
A.  2-(i 

GRPIBI 

Data  for  the  PIL  and  28  non-PIL  TMDE  used  to  determine 
LCC  of  Group  B TMDE  for  scenario  1 

A.  2-7  to 
A.2-ir, 

GRP2BI 

Data  for  the  PIIj  and  6 non-PIL  TMDE  used  to  determine 
LCC  of  Group  B TMDE  for  scenario  1 

A.  2-17  to 
A. 2-19 

GRP3B1 

Data  for  the  PIL  and  2 non-PIL  TMDE  used  to  determine 
LCC  of  Group  B TMDE  for  scenario  1 

A. 2-20 

GRP4B1 

Data  for  the  PIL  and  2 non-PIL  TMDE  used  to  determine 
LCC  of  Group  B TMDE  for  scenario  1 

A. 2-21 

GRPCl 

Data  for  the  PIL  and  6 non-PII^  TMDE  used  to  determine 

LCC  of  Group  C TMDE  for  scenario  1 

A.  2-22  to 
A. 2-24 

GRPA4 

Data  for  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  I:  phase-in  of  PIL  TMDE  to  replace  non-PIL  TMDE 

A.  2-25  to 
A.  2-2'^ 

GRPA5 

Data  for  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  2;  phase-in  of  PIL  TMDE  to  replace  non-PII.  TMDE 

A.  2-29  to 
A. 2-32 

GRPIB2 

Data  for  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  I:  phase-in  of  non-PIL  TMDE  to  replace  non-PIL 
TMDE 

A. 2-33  to 
A, 2-42 

GRPC4 

Data  for  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  1 : phase-in  of  PIL  TMDE  to  replace  non-PIL  7'I\IDE 

A.  2-43  to 
A. 2-45 

GRPC5 

Data  for  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  2:  phase-in  of  non-PIL  TMDE  to  replace  non-PIL 
TMDE 

A.  2-40  to 
A.  2-48 

GRP1B3 

Data  for  the  PIL  and  non-PIL  TMDE  used  for  scenario  3, 
option  2:  phase-in  of  non-PIL  TMDE  to  replace  non-PIL 
TMDE 

A.  2-49  to 
A, 2-58 

r 


A,  2-1 


I 


File  Name 


Description 


GKPA8  Data  for  the  PIL  and  non-PIL  TMDE  used  for  scenario  3,  A.  2-59  to 

option  3;  phase-in  of  PIL  and  non-PIL  mix  A.  2-62 


Note:  Data  not  presented  in  this  appendix  can  be  obtained  from 
the  data  files  provided  to  USAECOM  in  the  form  of 
punched  cards. 
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PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 


UOl  lU  iMPIL  11 
0U120  USF.S66 

OOlJO  LCAL  1 UC0b  -itbUu.  XMH  b.33 

UU 1 hSC  b»06  W'l  4tj . Al''il  6Ubb»  hAIL  .bv 

bjlbU  hF.l  bb.  AUPf-  310.  MLIN  1 iMCAL  2 

Oult'U  1^7  b i\itOb  b3  NtOU  0 (MDEN  b3 

00170  iy7  6 NFQR  0 NF.OD  0 NDEN  b3 

uOlbU  197  7 NLOb  O NEUD  0 iN'OLN  b3 

UOl 90  197b  NEOB  0 NEOU  0 NDEN  b3 

0020u  1979  NEOb  0 NEUL'  0 NDEN  b3 

00210  19b0  NEOB  U NEOD  U NDEN  b3 

00220  1961  NEOb  0 NEOD  0 NDEN  b3 

00230  1962  NEOB  0 NEOD  0 NDEN  b3 

002 AO  1963  NEOB  0 NEOD  0 NDEN  b3 

002b0  19b A NEOb  0 NEOD  bJ  NDEN  b3 

00260  UPMbA 

UU270  LOAD  1 UC0S  b62A.  XMH  b.33 

UU2bO  hbC  b.06  WT  bO.  XMI  bbOO.  FAIL  .69 

00290  EMI  bb.  MOPP  310.  MLIN  1 NOAL  2 

00300  197b  NDOB  3 NEOD  0 NDEN  3 

00310  1976  NEOB  0 NEOD  0 NDEN  3 

U032U  1977  NEOb  0 NEOD  0 NDEN  3 

00330  197b  NEOb  0 NEOD  0 NDEN  3 

003-40  1979  NEOb  0 NEOD  0 NDEN  3 

00360  1960  NEOb  0 NDOD  0 NDEN  3 

00360  19bl  NEOb  0 NEOD  0 NDEN  3 

00370  1962  NEOB  0 NEOD  0 NDEN  3 
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OOAAO  197b  NEOB  A NEOD  O NDEN  A 

OOAbO  1976  nEod  0 NEOD  0 NDEN  A 

UOA60  1977  NEOb  0 NEoD  0 NDEN  A 

U0A70  1978  NEOB  0 NEOD  0 NDEN  A 

OOAbO  1979  NEOb  0 NEOD  0 NDEN  A 

00A90  1960  NEOB  0 NEOD  0 NDEN  A 

OObOO  1961  NEOB  0 NEOD  0 NDEN  A 

OOblO  1962  NEOB  0 NEOD  0 NDEN  A 

00620  1983  NEOB  0 NEOD  0 NF oN  A 

00630  198 A NEOb  0 NF OD  A NE  ■ F - 
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005^0  LCA6 


I OUbbO  LCAL  1 UC0b  8000.  XMH  5.33 

: 0Ub60  HbC  8.06  WT  50.  AMI  8000.  FAIL  .89 

0Ub7U  KMl  50.  AGPP  310.  MLIN  1 NCAL  2 
UUbbU  iy75  NEQB  1 NEQD  0 NDEN  1 

UObVO  197  6 iMb.bib  0 NE&D  0 NDEN  1 

UU60U  IV77  imEOB  0 NEQD  0 NDEN  1 

^ U8610  1978  NLUB  0 NEQD  0 NDEN  1 

U0620  1979  NEUB  0 NEQD  0 NDEN  1 

0U630  198U  NEQB  0 NEQD  0 NDEN  1 

0064U  1981  NEQB  0 NEQD  0 NDEN  1 

UU650  1982  NEQB  0 NEQD  0 NDEN  1 

UU66U  1983  NDUB  0 NEQD  0 NDEN  1 

U0670  1984  NEQB  0 NEQD  1 NDEN  1 

j 00680  KTAb 

■ 685  LCAL  1 UC0S  4675.  XMH  5.33 

U0690  HSC  8.  WT  50.  XMl  8000.  FAIL  .89 
00710  FMl  50.  APPP  310.  MLIN  1 NCAL  4 
00720  1975  NEQB  1 NEQD  0 NDEN  1 

007 30  1976  NEQB  0 NDEN  0 NDEN  1 

00740  1977  NEQB  0 NDEN  0 NDEN  1 

00750  1978  NEQB  0 NDEN  0 NDEN  1 

U0760  1979  NEQB  0 NEQD  0 NDEN  1 

00770  1980  NEQB  0 NEQD  0 NDEN  1 

00780  1981  NEQB  0 NEQD  0 nDEN  1 

00790  1982  NEQB  0 NEQD  0 NDEN  1 

00800  1983  NEQB  0 NEQD  0 NDEN  1 

00810  1984  NEQB  0 NEQD  1 NDEN  1 

00820  bA84W 

0uo3u  LCAL  1 UC0b  8827.  XMH  5.33 
00840  rioC  23.08  WT  50.  XM I 8000.  FAIL  .89 
; 00850  FMI  50.  AGPP  310.  MLIN  1 NCAL  4 

00860  1975  NEQB  1 NEQD  0 NDEN  I 
j-  00870  1976  NEQB  0 NEQD  0 NDEN  1 

[ 0U880  1977  NEQB  0 NEQD  0 NDEN  1 

^ 00890  1978  NEQB  0 NEQD  0 NDEN  1 

J 00900  1979  NEQB  0 NEGD  0 NDEN  1 

00910  1980  NEQB  0 NEQD  0 NDEN  1 
1 00920  1981  NEQB  0 NEQD  0 NDEN  1 

: 00930  1982  NEQB  0 NEQD  0 NDEN  1 

00940  1983  NEQB  0 NEQD  0 NDEN  1 
’ 00950  1984  NEQB  0 NEQD  1 NDEN  1 
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UU960  ILAWt: 

UU970  LCAL  1 UC06  1378b.  XMH  3.79 

UUVttU  HbC  18.  \-.1  bO.  XMl  bUOO.  HAIL  .63 

00990  F.M  bO.  AOPH  310.  MLIN  A NCAL  A 

01000  l97b  NLub  1 NtoU  0 MUEN  1 

0 1010  197  6 NEOlJ  0 i'JtOlJ  0 MbEN  1 

ClObO  1977  iVuEb  0 ('vuEb  U iVOEN  1 

103U  l97tt  NEub  0 iMEOD  0 NOEi')  1 

0 10-^0  197  9 iMOEb  0 iMOED  0 iMDEN  1 

OlObO  1980  NOEB  0 MOED  0 WUEN  1 

0 1 060  1981  NOEb  0 NuEL)  0 NDENi  1 

0 1070  1988  iNIOEB  0 NOED  0 NDEN  1 

OlObO  1983  NOEb  0 NwED  0 NUEN  1 

01090  1984  NOEB  0 NUED  1 NUEN  1 

109b  L80 

01100  LCAL  1 LCCIb  48b0.  XMh  6.2 

OHIO  hSC  19.04  W1  bO.  XMl  4000.  FAIL  .97 

01120  EMI  30.  AOPP  310.  MLIN  2 NCAL  4 

01130  197b  NEOb  2 NEOU  0 NUEn  2 

01140  1976  NEOb  0 NEOU  0 NDEN  2 

Ollbo  1977  NEOB  0 NEQD  0 NDEN  2 

01160  1978  NEOB  0 NEOU  0 NUEN  2 

01170  1979  NEOb  0 NEOU  0 NUEn  2 

01180  1980  NEOB  0 NEOU  0 NUEN  2 

01190  1981  NEOb  0 NEOU  0 NUEN  2 

119b  1982  NEOB  0 NEOU  0 NUEN  2 

oliiOO  1983  NEOB  0 NEQU  0 NUEn  2 

01210  1984  NEOb  0 NEQD  2 NDEN  2 

121b  L30 

01220  LCAL  1 UCeS  4850.  XMH  11.59 

01230  HbC  19.04  WT  50.  XMI  2500.  FAIL  1.93 

01240  /<MI  10.  AOPP  310.  MLIN  1 NCAL  4 

OliibO  197b  NEOB  1 NEOU  0 NUEN  1 

OlBoO  1976  NEOB  0 NEOU  0 NUEN  1 

01270  1977  NEOb  0 NEOD  0 NDEN  1 

01280  1978  NEOB  0 NEQU  0 NUEN  1 

01290  1979  NEOB  0 NEOU  0 NUEN  1 

01300  1980  NEOB  0 NEOD  0 NDEN  1 

01310  1981  NEOB  0 NEOD  0 NDEN  1 

01320  1982  NEOB  0 NEOD  0 NDEN  1 

01330  1983  NEOB  0 NEOD  0 NDEN  1 

01340  1984  NEOB  0 NEOD  1 NUEN  1 
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Subject:  Data  Files;  GRP2B1  (Continued) 
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Subject;  Data  Files  GRP2B1  (Continued) 
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Subject:  Data  Files  GRPA4  (continued) 
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PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 
Subject;  Data  Files;  GRPC4  (Continued) 


vbu 

LUA\L  1 UCCi. 

bbb*  AMh  4«j1 

-/(■u  1 

hUL  u.hrY 

W 1 

1 iY  . AM  bbh  1 . 

C b 1 L 1 . A 

v7  u 

h i''  1 i-s  S . 

IbU.  KLIin  1 

iSlC/d.  b 

'/hu 

1 V 7 S M U 

b u 

A ^7 

V71J 

1V76  Pi  U 

b u 

i\ 

1 uuu 

1 V /7  b 

U b 

U A •^y 

lulu 

1 v / b b 

0 b 

U A ■^V 

1 uirfi; 

1 y / V b 

U b 

U A Ay 

1 U JU 

Wbu  t 

u b 

11  A Ay 

1 u^u 

1 >7  r,  1 b 

u u 

Ob  A UP 

1 u S u 

Ivf.c;  b 

U b 

b i\  e. 

1 Uf  u 

IVhJ  b 

u b 

U A u 

1 u A U 

1 b 

U b 

C 

7' 

C 

A. 2-45 


BtSFAVAlUBlt  COPY 


PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 


I 

t 

• Subject:  Data  Files  GRPC5 


GRPC5  DATA  FILE 


<i0  i\PIL  6 
lUU  UA2'dfK 

110  LCAL  1 UCeS  62b.  XMh  l.bO 
12U  J.  WT  ll.b  AMI  6A13.  FAIL  .6  1 

lau  bb.  AOPF  IbO.  MLIN  1 iNCAL  2 

1^0  197bbODONU 

1 bU  1^76  b 0 U U i\  0 

16L  1977  H 0 U 0 N 0 

170  197b  fa  GUO  (MO 

IbO  1979  bO  DO  NO 

190  19b0  b 0 D 0 N 0 

200  19bl  fa  000  NO 

210  1 982  b 0 D 0 N 0 

220  19b3  b 0 0 0 N 0 

■d.30  19bA  fa  0 D 0 N 0 

2 90  U/-<M9b 

2bO  LCAL  U oCeS  62b.  AMh  2.79 

260  hbC  7.1  W1  16.  AMI  S919.  FAIL  .91 

270  FNI  bb.  AOPP  IbO.  MLIN  1 NCAL  9 

2b0  197b  fa  1 0 1 N 109 

290  1976  b 30  0 30  N 109 

JJU  1977  h 9b  0 9b  N 109 

310  197b  b 33  0 33  N 109 

320  1979  b 0 0 O N 109 

330  19b0  b 0 U 0 N 109 

390  19ttl  fa  0 0 0 N 109 

330  l9o2  fa  0 D 0 i\  109 

360  1963  fa  0 0 0 N 109 

370  1989  fa  0 D 109  N 109 

380  USM161 

390  LCAL  1 0005  902.  AMH  2.79 

900  HbC  6.69  WI  16.  XtMl  bb07  . 1-AIL  .91 

^10  1-Ml  37.  AUPP  IbO.  MLIN  1 NCML  9 

920  197b  fa  26  D 26  N 26 

930  1976  b 0 0 0 N 26 

990  1977  b 0 0 0 N 26 

9b0  1976  b 0 D 0 N 26 

960  1979  b 0 D 0 N 26 

970  19b0  b 0 0 0 N 26 

9bO  1981  fa  0 U 0 N 26 

990  1982  fa  0 D 0 N 26 

300  1983  fa  0 D 0 N 26 

b 10  1909  B 0 0 26  N 26 

b20  U5M260 


I 


PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 


Subject:  Data  Files  GRPC5  (continued^ 


LCAL  1 
MSC  A . 
h,\l  3 7 
197b  b 
197h  b 
1977  B 
197«  b 

197  9 b 
1 9B0  b 
1 9b  1 h 
19bii  b 
19tt3  b 
19bA  b 
1 b 1 ii  5M 
LCAL  0 
hSC  1 . 
!■  M I 10 
197b  b 

1976  b 

1977  B 

1978  B 

1979  B 
1 9tt0  B 

198  1 b 

1982  b 

1983  b 
1 984  B 
h431b 
LCAL  1 
HbC  6 • 
? KI  b8 


UC0S  62b.  AMh  2.74 
Wi  12.  AMI  67ob.  f-BiL  .91 
. AOPP  150.  ML  IN  1 NCAL  2 
0 U 0 N 7 4 
0 L)  0 N 74 
0 D 0 N 74 
3b  b 3b  N 74 
39  b 39  N 74 
0 N 7 4 


0 U 0 N 74 
0 b 0 N 74 
0 b 0 N 74 
0 b 74  N 7 4 

UC0S  487.  AMh  2.74 
3 Wl  12.  AMI  2bUb.  I- B 1 L .91 
. AOPP  IbU.  MLliv  1 nCbL  1 
2 D 2 N 2 
O D 0 N 2 
0 D 0 N 2 
0 U 0 N 2 
0 b 0 N 2 
0 D 0 N 2 
0 b 0 N 2 
0 D 0 N 2 
0 D 0 N 2 
0 D 2 N 2 

UC0S  618.  AMh  2.37 
b6  WT  12.  AMI  6bl8.  HAIL  .79 
. AuPP  IbO.  MLliV  i nCAL  4 


BBI  AVAlUSlLCOPy 


A.  2-47 


i ^ 


PFIASE  111  ECONOMIC  ANALYSIS  OF  TMDE 


Subject:  Data  Files  GRPC5  (continued) 


iv/b  b U Li  U i\  bb 
bbU  lV7b  b U U U M bb 

hbb  1^77  b 0 b 0 l\  bb 

L>70  l'77b  b U b U i\  bb 

o7  b 1V7V  b-  b b 6 i\  bb 

V 1 (j  1 b U b J U U J U iS'  b b 

•>lb  IVbl  b 19  b IV  bb 

vlb  Ivob"  b u b U i\i  bb 

jcLu  1 ^b j t)  u b U N bb 

vbu  iVo'^  L>  u b bb  i\  bb 
b'^Jb^A 

':/bO  LC^tL  1 ljC0b  hbb  . AMM  A. 31 

96U  i-ibC  3.ab  W1  lb.  AMI  bbbl.  FAIL  l.A 

973  HMl  bb.  AUbP  IbU.  MLIi\  1 NCAL  2 

9bU  l97b  b U b 0 I'M  49 

99U  197  6 b u b 0 N 49 

UjOU  197  7 b (»  U 0 N 49 

lUlU  197  b b U U 0 l\'  49 

102U  197  9 b 0 b U IM  49 

lu3u  19b0  b U U 0 I'M  49 

10  40  19bl  b 11  b 11  i\  A9 

lObO  19b;^  b 3 0 b 30  im  49 

lObO  l9b3  b b 0 b IM  49 

lu70  19b4  b 0 U 49  N 49 


% 


A.  2-48 


I 


r 


PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 


Subject;  Data  Files  GRP1B3 


GRP  IB 3 DATA 

FILE 

bU  r 

3h 

1 uu 

l;P773AU 

1 1 u 

L07M. 

1 

UCOb  3lb0.  AMh  10 

1 

hbO 

7 . 

b4 

WI  40. 

Ai'il  63u3 

1 3U 

H MI 

b6 

. AOHH  33  b.  MLIi\  1 

1 40 

1 y7b 

b 

O 

U 0 N 

0 

1 bU 

1 97  6 

b 

0 

DON 

0 

160 

iy77 

b 

0 

DON 

0 

1 7 0 

1 V7b 

fa 

0 

Don 

u 

1 bO 

1 97  9 

fa 

0 

DON 

0 

1 yo 

1 9b0 

fa 

0 

DON 

0 

1 1 

fa 

0 

DON 

0 

c;  1 0 

1 Vb3 

fa 

0 

DON 

0 

1 yb3 

fa 

(J 

DON 

0 

i^30 

1934 

fa 

0 

DON 

0 

i7  4U 

1 3M  1 6 

3b0 

LCAL 

1 

UCOb  1371.  AMh  6 . 

HbC 

7 . 

4b 

W1  40. 

AMI  b47  7 

rLVO 

H MI 

b3 

. AOHP  J3b.  MLli\  1 

3 e 0 

1 97  b 

f) 

0 

D 37  N 

1 3 6 

fi9U 

1 'i7(' 

fa 

37 

D 7b 

N 1 

JOU 

19  77 

b 

7b 

D 34 

N b6 

J 1 u 

197b 

fa 

34 

DON 

1 36 

330 

1 979 

fa 

0 

DON 

1 3 6 

330 

1 9bO 

fa 

0 

DON 

1 36 

3 4u 

1 9b  1 

fa 

0 

D 0 N 

1 36 

3b0 

1 9b3 

B 

0 

DON 

1 36 

360 

1 9b3 

fa 

0 

D 0 N 

1 3 6 

370 

1 9b4 

fa 

0 

D 136 

N 136 

3biJ 

UKM7  9 

jyu 

LOAL 

1 

UC0b  1333  . A6iM  6 . 

4UO 

HbC 

b . 

b4 

W I 40  . 

A n I 6 6 7 o 

4 1 0 

H>/I 

4b 

. AOhP  33b.  MI.IM  1 

430 

1 9 7 b 

fa 

0 

D 1 4 N 

1 4 

430 

1976 

fa 

1 4 

D 0 IM 

1 4 

440 

1 977 

EB 

0 

U 0 N 

1 4 

4b0 

1978 

fa 

0 

DON 

1 4 

460 

1 979 

fa 

0 

DON 

1 4 

470 

1 9b0 

fa 

0 

DON 

1 4 

4b0 

19b  1 

fa 

0 

D 0 N 

1 4 

A90 

19B3 

fa 

0 

DON 

1 4 

bOO 

1 9b3 

fa 

U 

DON 

1 4 

b 1 0 

1 984 

fa 

0 

D 1 4 N 

1 4 

l .67 


IVtAL  A 


HAIL  1.16 
'oUML  A 


. HAIL  1.11 

|\LML  r' 


BEST  AVAILABLE  COPV 


A.  2-49 


• PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 

Subject:  Data  Files  GRP1B3  (continued) 

I 


bi:.‘U  bSMiib 

bJO  LCAL  1 UCOb  3150.  XMH  \\i  .dl 

bAU  HbC  b.7id  W1  AO.  XMI  6bhl  . FAIL  d.dl 

bbU  KMI  63.  AOPP  3iib.  MLIN  I NCAL  A 

b6U  1975  b 3 U 0 N 3 

b/u  1976  B 0 D 0 N 3 

bbU  1977  b 0 D 0 N 3 

b9U  ly7b  b 0 D 0 N 3 

( UU  1 97  9 b 0 U 0 N 3 

61U  19bU  b 0 U 0 N 3 

bdO  19bl  b0D0N3 

63u  19Bb  B 0 U 0 N 3 

(>AU  1963  fa  0 0 0 N 3 

bbU  19bA  b 0 b 3 N 3 

660  Libi''ilUii 

67 U LCAL  1 UCOb  3150.  XMH  6.59 

rbO  HbO  3.96  W]  lA.  AMI  AUUO . FAIL  1.^3 

69  0 FMI  AH.  AUPF  3ii5.  MLllM  1 i\CAL  d 

700  1975  L 6 U 1 N 7 

710  1976  B 1 D0N7 

IdU  \-}'n  b 0 U 0 N 7 

73u  1976  B 0 0 0 iM  7 

7-^0  197  9 b O O 0 i\  7 

V bu  19o0  fa  0 U 0 N 7 

760  1961  b 0 L 0 N 7 

7 70  196b:  fa  0 0 0 N 7 

7 60  1963  fa  0 L 0 iM  7 

7 90  196A  fa  0 0 7 IN  7 

600  L5Mlb9 

6l0  LCAL  1 LIC0S  69A.  XMh  6.66 

bfaO  hbC  'd,‘d2  WT  AO.  XMI  A6ii9.  FAIL  1.11 

630  FMI  B6.  AoPP  325.  MLIN  1 nCAL  1 

6A0  1975  b 0 D 0 N A8 

850  1976  B 0 0 0 N 48 

860  1977  B 0 l>  48  N 48 

870  1978  b 48  0 0 N 48 

860  1979  B 0 D 0 N 48 

890  1980  fa  0 D 0 N 48 

900  1961  B 0 D 0 N 46 

910  1982  B 0 U 0 N 46 

920  1983  fa  0 D 0 N 48 

v30  1964  fa  0 D A8  N A6 

5M07L  005  3727.  XMh  6.66 

960  H5C  4.5  WI  AO.  XMI  5787.  FAIL  1.11 

97o  FMI  89.  AOPP  325.  MLIN  1 NCAL  2 


A.  2-50 


BEl  AVAlUSit  CC?Y, 


J hO 

iy7b 

h U 

u u iM  1 y A 

i V 1 j 

1 y 7 «> 

b U 

b 0 i\  1 y A 

1 uuu 

1 y77 

b 

u u 0 i\  1 y A 

1 U 1 iJ 

1 y7b 

b 

U b liO  I'm  \9A 

1 

l 7 y 

b 

bb  u bU  ,\i  lyA 

1 uju 

1 you 

b 

bu  b bu  iM  1 y A 

1 tJ^U 

lyo  1 

b 

bU  b bb  >\  lyy 

1 ublj 

lyak 

b 

£;  b b b pj  1 y A 

1 1)60 

I9b3 

b 

bb  bbb  lyy 

1 (i7  U 

b 

16  u 1 y ^ A 1 y ^ 

1 ut  U 

Uru  1 Ueib 

1 uVU 

LCAL 

1 

bbCb  IcjOl;.  AI^H  6.6b 

1 1 ou 

Eio  L 

3.yb  1‘.  1 <3b.  Ai>l  Mjlu.  rnil_  1.1 

1 1 1 u 

h ibl 

1 uu 

. AubE^  3b  b.  1 iMUAL.  cl 

1 l.'(J 

ly7b 

b 

1 U U IV  1 

1 1 JU 

1 y/h 

b 

C)  U U A 1 

1 1 4U 

1 y77 

El 

U b 0 |\  1 

1 1 bu 

ly/b 

1. 

U b U N 1 

1 1 t u 

1 ycy 

b 

0 b 0 N 1 

1 1 / LI 

lybO 

h 

0 L U 1 

1 1 E)U 

1 yb  1 

b 

U b U 0.  1 

\\  Ju 

1 yb« 

U b U iSl  1 

1 

1 yb3 

b 

U L U A 1 

1 ^ 1 

1 yo^ 

b 

U 1;  1 ^ I 

1 r’r  U 

U r u 1 L)  j 3 

1 . 11  • 

LL  Hi. 

1 

ucrb  lAbu.  Ai'  n H . dl 

1 , 

H^U 

A e LI  c’  b • A.  1 7 U U U . h AA  1 L .71 

1 'bU 

P ■ i 

'/I  . 

A'Lbl-  Odlb.  '‘iLlA  1 i\C7aL  c: 

1 rIMJ 

ly7  b 

b 

b U U b 

1 ri  A ( J 

1 y7<. 

t1 

c 

r 

c 

u 

1 i.'  C'  U 

1 y77 

b 

U b (J  INi  b 

1 r1  ;^0 

ly7b 

b 

0 Li  U IN  b 

1 JOU 

iy7y 

b 

0 b 0 N b 

1 J ! U 

1 ybu 

b 

U b U N b 

1 jc;u 

lyb  i 

b 

u u u i\  b 

1 J JU 

lybii 

b 

U b U N b 

1 JAO 

iyb3 

b 

0 b u iM  b 

1 Jbo 

1 yb  A 

b 

0 b b N b 

1 .lY^O 

cPLi  1 u^y 

1 .17  U 

LCAL 

1 

Ubbb  3lbu.  AbH  l.b 

1 ooO 

HbC 

3.  by  1 AU . AMI  ^blb.  cAilL  .o 

1 3yu 

(•  .V  I 

1 b . 

Aubb  3b  b.  1 NbAL  b 

I 

I 


A. 2-51 


BEST  AVAIUBIE  COPY 


PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 
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LCC  COMPUTATIONS 


Scenario 

Option 

Case 

TMDE 

Group 

Description 

Page  No. 

1 

- 

- 

A 

LCC  of  PIL  TMDE  and 
non-PIL  TMDE 

A. 3-3 

1 

- 

- 

B 

LCC  of  PIL  TMDE  and 
non-PIL  TMDE 

A. 3-4  to 
A. 3-7 

1 

- 

- 

C 

LCC  of  PIL  TMDE  and 
non-PIL  TMDE 

A. 3-8 

3 

1 

■ 

A 

PIL  Phased-in  to  Replace 
non-PIL  TMDE;  USACC 

Plan 

A. 3-9 

3 

2 

- 

A 

Non-PIL  Phased-in  to  Replace 
non-PIL  TMDE;  USACC  Plan 

A. 3-10 

3 

3 

A 

Phase-in  of  PIL  and  non-PIL 
mix  to  replace  non-PIL 

TMDE;  USACC  Plan 

A. 3-11 

3 

1 

- 

B 

PIL  Phased-in  to  Replace 
non-PIL  TMDE;  USACC  Plan 

A. 3-12  to 
A. 3-15 

3 

2 

- 

B 

Non-PIL  Phased-in  to  Replace 
non-PIL  TMDE;  USACC  Plan 

A. 3-16  to 
A. 3-19 

2 

1 

- 

A 

PIL  Phased-in  to  replace 
non-PIL  TMDE  (10%) 

A. 3-20 

2 

2 

- 

A 

Non-PIL  Phased-in  to 
replace  non-PIL  TMDE  (10%) 

A. 3-21 

2 

3 

A 

Phase-in  of  PIL  and  non-PIL 
mix  to  replace  non-PIL  TMDE 
(10%) 

A. 3-22 

3 

1 

■ 

C 

PIL  TMDE  Phased-in  to  Re- 
place non-PIL  TMDE;  USACC 

Plan 

A. 3-23 

3 

2 

■ 

C 

Non-PIL  TMDE  Phased-in  to 
Replace  non-PIL  TMDE; 

USACC  Plan 

A. 3-24 

1 

- 

1 

A 

Initial  Consumables  Stockage 
for  PIL  TMDE 

A. 3-25 

1 

- 

2 

A 

LCC  of  PIL  TMDE  and  non-PIL 
TMDE  with  0%  Inflation 

A. 3-26 

A. 3-1 


Scenario 

Option 

Case 

Description 

Page  No. 

1 

- 

2 

A 

LCC  of  PIL  TMDE  and  non-PIL 
TMDE  with  0%  Inflation  and 

0%  Discounted  Cash  Flow 

A. 3-27 

1 

2 

A 

LCC  of  PIL  TMDE  and  non-PIL 
TMDE  with  0%  Discounted 

Cash  Flow 

A. 3-28 

1 

- 

3 

B 

LCC  of  PIL  TMDE  with 

Volume  Discount 

A.3-29.1  to 
A. 3-29.4 

1 

- 

3 

C 

LCC  of  PIL  TMDE  with 

Volume  Discount 

A. 3-30 

CASE  EXERCISES 

Description Page  No. 


Sensitivity  Analysis  of  Group  A LCC  vs  MTBF  A. 3-31 

Sensitivity  Analysis  of  Group  B LCC  vs  MTBF  A. 3-32  to 

A. 3-35 

Sensitivity  Analysis  of  Group  C LCC  vs  MTBF  A. 3-36 

Sensitivity  Analysis  of  Group  A LCC  vs  Consumables  A. 3-36.1 

Sensitivity  Analysis  of  Group  B LCC  vs  Consumables  A.  3-37 

Sen.'itivity  Analysis  of  Group  4B  LCC  and  Group  C A.  3-38 

vs  Consumables 

Sensitivity  Analysis  of  Group  A LCC  vs  NHO  A.  3-39 

Sensitivity  Analysis  of  Group  B LCC  vs  NHO  A. 3-40  to 

A. 3-41 
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I'rtASK  ril  KCONOMIC  ANALYSIS  OF  'IMDK 

Subject;  Computer  Run  ; Group  A,  Scenario  3,  Option  3 - Mixture  of  PIL  and 
non-PIL  to  replace  non-PIL  TMDE. 
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1 V 7 < . 

60607 . 66 

I V7  7 

10/060*373 

1 y/b 
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b 1 bb  i Lc  H i 
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7 V 3 . lb 
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-3,-.o37  .30 

eui*'e  to  1 

^ 1 t 7 

1 
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ID  1 b 6 b J . b f ■ 

UUibLUb  i 

b V b 0 b 7 .7  1 
b^y yU J . ) y 
7 b 1 1 b . b 7 
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V.  ' . . .3 

3l..;.Cb^^wl■ 

1 i 

f'7  bbi.  A ' r 1. 
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IMIASK  HI  KCONOMIC  ANAI.YSIS  OF  TMDK 
I 

I 

SubjL'ct;  (.'oinpiitcn-  Him:  Group  1 B,  Scena*"io  3,  Option  1 • PIL  phased-in  to 
replace  non-PIL  TMDE.  Total  cost  equals  cumcost  of  PIL  and  non-PIL  TMDE 


lit.'  ,\l  . 1ft  Au 

LCb  1 
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A73  bbi/  1.11 
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1 b'id.'l  .7  A 
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1 7bb 

1 (■  1 bb06 .7b 
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1 7 b A 
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137AA  1 b 1 .b  1 

A(  i\  -b  1 L ht'.l  Lib  CEYb  1 

b 

Y t Ab 

CC'b  1 

CUMCCb 1 

177  b 

1 b b3  obo  . 1 £1 

1 o b 3 b b b . 1 3 

1 77  b 

1 7 0 b tlU 7 • b b 

3 b 6 1 b6  b . Au 

177/ 

1 Au  1 7 bt: . b< 

A7  6b  b 1 b . 3 6 
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1 UUb77 1 .3b 

b7  7u3b7  . b A 

17  7 7 

7 17bb7  .b3 

66o7  b 7 7.17 

1 7b0 

A7  Ub 1 1 . bu 
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1 7b  1 

eibhdb'd.  . 1 3 

7 A 1 A7  bu . bU 

1 Ab7  bb . 1 b 

7b6b7U3 .7b 
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bb  bU3 . A7 

/6  1 73uf>  . Ab 

1 7 b b 

U . 
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AIL  Lite  ClULt  1 

1 ('•  1 AL.b 
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1 kA  1 1 .7(7 

< . 1 b b b 7 . f ( 

bUb  C h/ibt 

U . 
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05  / b u r 1 . p 1 

f't  hb(  .Sibt  L 

bb  1 7b(JU  . It 

A t K b U.7i7t  L 

/ b A 7 6 U . 7 b 

t 1 b b 1 ct  b 1 

u . 

t 1 h b 1 U t b 1 

1 b f 7 . ( t 

1 b/^Abbl  b 1 
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b3  1 . 1 b 
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633373 .33 

CUAbUKbLt  b 

1 f 6 7 A 7 U . b f 

1 17  1 M UL'Ct 
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li7  1 Kt  L'ULt 

3 U / 7 . b / 

MCLL  1 17(7 

1 063773 . bb 

H 1 'L  6 1 M> 

1 bb''  O . '.3 
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U . 

U(  CLM  .7  1 b 

b 1 7 6 .'1  . ‘ ' 
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u . 
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( I PIIASK  III  KCONOMIC  ANAI.YSIS  OF  TMDF 

Subject:  Computer  Run;  Group  B,  Scenario  3.  Option  1 - (2  B) 
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1 1 b6 b63  . b<; 
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lb 
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6 O 3 9 7 b . O 9 
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o . 
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1 9b  4 

U. 
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VIOL  Llhb  CrCLL  IGlALb 
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1 i *-<L^ 

1 A 1 i\  I iVb 
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0. 
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HEkSGNNE.L 
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i-'t  ;\bt  \'\r-  L 

lit  ( 1 . • 1 

b 1 Kb  1 bEbl 

0. 

(•  i 1-,  L 1 1 > h ^ 1 

bl  / 

1 KA.NbPUkl 

11.91 

1 (>Ai'  brOr  1 

1 

CGNbUWBLE.b 

669b. 99 

Li  i\;.or'  ALf  6 

1.0 

1 1\  1 K EDoCE 

19U<i  . \d 

i L l ivLLOOi- 

r.i.-  1 1 

LU  I iNjA 
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H 0 L L 1 1\  i i 

1 

L(  Ct'M  Mb 
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Of  01  ’>  h A 1 

3b?''  . • 

itvb  1 ALL 

U . 
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1 

1 1 t-  1\,  . 
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r h /'I 


L.lb  1 


cui''iL;iJw  1 


1 V / ". 

7 ^-tV  bb  • 1 7 

7 A7  3^^  . 1 7 

1 '/'!  (. 

o ^5  b b ■^1  • y‘  c 

1 b o o 1 / • Ij  V 

1 V 7 7 

1 Ubu7 . 1 7 

iiLb  Ui^  A . L6 

1 V 7 u 

(1 V b7  V . b V 

£ '7  b . U b • b b 

1 V 7 V 

bbbbb . 1 b 

bbb  1 Ob • bU 

1 '7oU 

bb  1 b . (T^b 

Ai^  d b 1 1 . U 7 

1 V h 1 

< u 1 b / . urt 

Add AAd  . 1 / 

1 Vbiri 

b7  1 / 1 . bf' 

b^ibb  1 V . A7 

1 vb  J 

. 7 ';' 

b 7 V d b 7 .Art 

IVb'^ 

. U<4 

b A7  / b 1 . b 1 

iM  I'.-r  1 L (iKl.  LH  cub 

b 

rh7^is 

C(  b 1 

CL.bLLb  1 

1 V 7 b 

37 V 17.1/ 

377  17.17 

1^77  6 

U • 

o77  1 7 . 1 7 

1 V 7 7 

u . 

j 7 7 1 7 . 1 7 

1 7 b 

u • 

37717.17 

1 V 7 V 

u . 

37717.17 

IVbU 

u . 

37717.17 

1 1 

u . 

37717.17 

1 Vbif 

0 . 

37717.17 

1 Vb  J 

0 . 

377  17  . 1 7 

\^aA 

u . 

3 7 7 17  . 17 

i\blL  Lll-K  CYCLfr  iClALb 

AIL  LIHH  CrLLI-  11 
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1 h A I lb  I 

L ALb  . 7 1 

1 j < A 1 i\  1 ( 1 

£|  J 7 UU  . £i7 

t'L.i>CHAbl 

U . 

Ai  irtChAbH 

A £<('  7 t . 0( 

\ 

bbVhO • 1 1 

ALKbOiNNb  L 

b U A A A U . b / 

• > 

► 

H I Kb i bKb 1 

0. 

t-  IKb  1 Uk  b 1 

Arb'  . OA 

1 KAi'Jbl-'t  1%  i 

• 1 ci 

1 r.  Mi'.'b  A L'rt  1 

A . rt  7 

Ut:iNbU.''ihLh  b 

1 u7 .Ub 

C L i'')  b L i' b L k b 

b 1 L 7 . t'O 

1 N i hOUL  Ch 

r'  y U . V 1 

1 1\  1 rtl-  bl.Ck 

A U 7 7 . 3 7 

HfeiLb  1 Ml 

1 -^bV  . 6 A 

mLLIJ  1 l\'f. 

A7  bb  1 . 1 A 

bl'.'CU^.Kl\'  1 b 

L . 

UUCUk.k  iM  1 b 

L 3 b b b . b 

t 

1 wb I ALL 

u • 
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A UU  b . <) b 
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-bb^ . Jt 

LI bAOb AL 

- 1 7 rt  A • rtrt 
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IMIASi;  111  KCONOMIC  ANALYSIS  OK  TMDK 


Subject;  Computer  Run 


B,  Scenario  3.  Option  1 
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COb  1 
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i;  V JUb;;' 
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1 AAi;uu.i:;9 
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1 
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! 
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1 
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1 1^486  .8  1 
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! 
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1 

1 
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0 . 
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197b 

0 . 
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1 
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: 
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0 . 
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1 

1 
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0 . 

1 6 4 1 o 9 . U U 

1 
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0. 
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1 
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0 . 
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8 9 U 1 8 O . 8 v5 

1 f 1 r b 
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t 1 
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i 
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0 0 bi  1 .1 . r-  8 

O 1.  9 .7-1 
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1 6 ’ )Uo ' '1 
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j IMIASK  111  KCONOMIC  ANALYSIS  OF  TMOF 

I 

Subject;  C'oniputcr  Run;  Group  1 B,  Scenario  3,  Option  2 - Non-PIL  used  to 
replace  non-PIL  TMDE, 
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1976 
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5478787 .7  8 
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1 Ou7oU9  I . 1 b 
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19b0 
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1 bb94 . 3b 
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33b b( b . : / 
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1 IJ  1 U . ( C 
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1 V 7 7 

^ . ba 

r ■■  7 D b 3 . ll  b 

1 V / tt 

(■  1 bu  1 . bb 

1 i (.  1 0'  M . 1 3 

1 -Jl'j 

bUb  V V7  .r'b 
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1 V i; 

LLbOyiv  . uv 

1 (7  7 f . 7 b 7 .77 

1 Vb  1 

c?  1 7 bUa  . 7 1 

1 7 1 u L 6 3'  . ; . 7 

1 V o if' 

li  Ub  bt>7  . <bli 

d 1 1 (1  o b 1 . 1.)  ( 

1 7 « J 

1 o b7  7 '.  ' • ' lb 

C.3  L 1 I'M, r .1  ■ 

1 V o 

1 7 1 7 ob. -7 

f M 7 3 b ' . , .. 

l.lht-  CiCLh  ll 

IbLb 

1 :-,/u  -.  ll'Mi 

1 b7ii<Y«;  .bb 

r, bcf  (..  . b j 

I't  i\r  L 

1 V b 7 37  7 . b J 

r f 1 U't. .7  J 

b^  . ci7 

1 j 

b 1 . 3r 

C LiSiJLi-  l.Lt  o 
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i.\  i .-a  lJULl- 
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377  7 . 77 

Dlbr-i.bAL 

- 7 7 / . U 0 
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IMIASI',  III  I'.t'ONOMlC  ANALYSIS  OF  'I'MDI': 


Subject;  Computer  Run;  Group  B,  Scenario  3,  Option  2 - (3  B) 
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1 1 A7b2 . b 1 
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696b 1 .9U 
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I’lIASK  III  Kt'DNOMlC  ANALYSIS  OF  'I  MOF 
Subject:  Computer  Run;  Group  B,  Scenario  3,  Option  2 - (4  B) 
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1 '■Jv/d 

139366.72 

1229293 
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1 32220 . 02 

1 S6 1 7 33 
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|-"UltUMHbb- 
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I>nASK  ril  KCONOMIC  ANALYSIS  OF  TMDF 


Subject:  t’oinj)utcr  Run;  Group  A,  Scenario  2,  Option  1 - PIL  phased-1n  to 
replace  non-PIL  TMDE  (10%).  
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19bU 

109263.70 

1208228 . 32 

l9bl 

7 b 128  . <43 
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0. 
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PIIASK  III  ICCONOMIC  ANAI.YSIS  OF  'I’MDF 

Sal)jcct:  Computer  Run;  Group  A,  Scenario  2,  Option  2 - Non-PIL  used  to 
replace  non-PIL  TMDE  (10%). 
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bIK3  1 Pfc-il 

3 b7  6 . b3 

1 i\ANbr’i  K I 

1 172 .Ub 
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PILASK  III  I'X'ONOMIC  ANALYSIS  OF  'I’MDF 


Subject;  Computer  Run;  Group  A.  Scenario  2.  Option  3 - Mixture  of  PIL  and 


non-PIL  to  replace  non-PIL  TMDE. 
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Ou.'iOcb  1 

1 V 7 b 

j62UBb . 37 

3 62  Ob  f.  . 3 7 
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1 9b  1 

149734.93 

1744133.46 

1 9b<i 

1 J 360 1 . bb 
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IMIASM  111  I'X'ONOMIC  ANALYSIS  OK  TMOK 


Subject;  t'omputcr  Run  ; Group  C,  Scenario  3,  Option  1 - PIL  phased-in  to 
repl ace  non-PIL  TMDE.  
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bb3  1 

t-  ur'iOOb  1 

1 V 7 b 
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b (r.!\3  U i"ih  Lt  3 
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hOLL  1 iwU 

1 M33Ub . U7 

H 0 L b J i\  G 
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PIlASr;  III  MCONOMIC  ANAI.VSIS  ()!•■  'I'MOK 

Sul)jcct:  Coniputei-  Rim;  Group  C,  Scenario  3,  Option  2 - Non-PIL  used  to 
replace  non-PIL  TMDE. 
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Ct  i\bU'.''’bLb.b 
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Ul  .jpt  b AL 

-byuy  4 . ^,7 

BEST  AVAll 


miiniirifniTii  ii 


A.  3-24 


PHASE  III  ECONOMIC  ANALYSIS  OF  TMDE 


Subject:  Computer  Ruu;  Group  A,  Case  I 


11  KM  N0.  YKAK 

COST 

USM366  1 

197b 

676673. b6 

1 87  6 

209836. bO 

197  7 

207790. 6b 

197b 

20by32 . 62 

1979 

197066.70 

19bO 

1 86827 . bb 

19b  1 

177986.62 

1962 

1 69208.72 

1963 

1 60bb6 .00 

1986 

1372bb. 18 

NGN-PIL  GKOUP  COSTS 

YEAR 

COST 

197  b 

1206966.63 

1876 

32b086 . 68 

1977 

321918.07 

1978 

3 1 9 039 . b2 

1979 

30b300 .98 

1 980 

289661 . 1 b 

1981 

27 b7 66. 09 

1 982 

2621 6b. 30 

1983 

2687  60.1b 

1986 

212789 . 1 7 

NPIL  LIFE  CYCLE  TOTALS 
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99866.31 

PURCHASE 

326639 . 09 

PER SONNE  L 
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KlKSl  L)KST 

392b. 61 

TRANSPC)R  1 

1 172.0b 

CONSUMbLES 

b63b2b . b2 

INTRODUCE 

2 6b9  6 . 69 

HOLDING 

681218.90 

DOCUMEN IS 

b62b0u.U0 

INST  ALL 

6b77 .27 

DISPOSAL 

-26170.68 

CUKUCb 1 
^7/i673 

.UA 

bV'dciVb  . 69 
1 U9b^3  I .31 
lt£9bti96  .U  1 
1 ^bii  1^3  . b9 
1 660 1 1 U .0 1 
1 3^9  3 I b . 7ii 
1 9b9b7  A . I'd 
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CUMCCbl 
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1 b320b 1.10 
I ab396y  . 1 7 
2 17300b . 69 
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330b660 .2b 
3bb63bU . 60 
3767 1 6y .b7 
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1 C 1 ALS 

TRAINING 
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PEKSI  NNl-  L 

1121 969 . 1 6 

El  RSI  DLST 

2099 . 72 
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CO.NSUt'.HLE  S 

2 1 37b  b . 
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iJCCUEil-  N 1 S 

69  3 18.1b 

INSTALL 

60 b 9 . 09 

DISPIRSAL 
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[>nASF  FII  KCONOMIC  ANAI.YSIS  OF  TMDF 


Subject-  ('omputer  Hun;  Group  A.  Case  2 
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Cfc3bl 

OUiOOOb'l 

^1"  J n n 1 

1 V 7 -j. 

^■79770. by 

•^99778.09 
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IMIASK  III  KCONOMIC  ANALYSIS  OF  TMDF 


Subject;  Computer  Run  ; Group  A,  Case  2 
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TMDE  AND  TMDE-1  COMPUTER  PROGRAMS 
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1.  Computer  Program  "TMDE" 
luu  PKPl^ivAl'':  i,v,lK  ( INI-U  1 > UU  1 l^L  i * i APt.id  ) 

Liuu  i>' 1 1''  H i\i,  J Uiv  I'v  rK  ( 1 u ) * t C0S  (ii V * 1 0>  1 1 ) ^ Nfc  ut.  { dy  > 1 u ) / i\/t  ijL>  (d'->  < 1 u ) » ivAi'it  ( ^ V ) 
d 1 U+iVCA  i ( 1 1 ) , Ali\h  ( 1 U ) ,i\<L»e  1\  (dV,  lU)  J IK(7  ) 1 tjh-(  b ) , CIL  (d  ) , Nhb  ivU  ( , 

ddU  + l\r-h  la;  (b  ) ,LCAL  (dV  ) , UUf.b{d9  ) * Ai'^ihCdV  ) ^ ULh(7  ) ,rr^l')U(  7 ) , 
ddO  + h:jC<d‘y  )>Wi  (dv  ),aM  (dy),l*  AlL(dy>»hiV(l  (dy  ) > AivAf- (dV  ) ^ 
d au  + M_'.AL  (dV  ) 1 1\  Cdy  ) 

JUU  1 h'Kli\l^+ If'iUh.  LlHt  CTULt  Clcb  l t V AL LA  i i t^i\ 

^1)0  rh,  IiNji,’!' 

bUU  (\£  Au/  Of  IL> 

MIL  CALL  Chi  (bHlAAKd^Ch  iLh  »U>U> 

/ U U i\  h.  U ( y j ) L # L > L » L 

f.Ui,  At  Au  (d  » ) L » L » A'r  1 L ? i\'l"  1 L = i\A  1 L + 1 

y ui.j  LiL  d 1 = I j i\‘r  i L 

ICOU  i\hAu  (d,)  L>  iNMAh  ( 1 ) 

llOL  AtAC  (d,)  1.,  L>  LCAL  ( I ) ,L>UCC:b  ( I ) * Lj  AibhC  n 

IdOUhtAU  Cd,)  L>L>  MbCC  n >L,  Wl  ( 1)  , L,  AM  ( 1 ) ,L^  h A1l(  1 ) 

ICOU  tsh.ALi  (d,)  L,  l.>  h X 1 ( 1 ) > L>  ALFA  ( 1 ) »L*mlin(  1 > ,L>  .'gCALC  1 ) 

lAoU  i^hAL'  (d»)  (L>i\YK(<.0>L>NtuB(l»J)jL>iNLCL)(I>J)>L*i'gLLi'g(ljU)>d-l>  lu) 
1600  d COiVIIl\UF 

1 7 00  OA  1 A (MCAl  ( n > 1=  1 > n ) /fah  iKAliMlNli*  b Ad  OkCH  AC  t . y MFt  KbOl\i\t  L > 

17  lU+lOHh  li\bi  bhbl>yhl  KANbr  0K  I » I OhCOi^b  OXibOb  b j y H 1 iN'  1 KCUOCh,^ 

1 7dO  + 7hhl  LUI  I'jC^  y mOOOUXLM  b ,7Hl(V(blALL»  bMOl  bFObAL/ 

1600  OAIA  ( AlNh  ( i ) > I = 1 ^ 1 0 ) /I  . , 1 . ld>  1 .dd>  1 .00,  1 . AO,  1 . A6, 

lblO+1 .bo, 1 .60, 1 .6/ , 1 .7b/ 

lyoo  OAlA  010,|M  I Dh,N,CTK,  C 1C  ( 1 ) ,0  l CCd  > , OHO,  Off,  CFt  AK 

lylo  + /.l,OdAl 1 ,ddObO . ,dbOd A . , A ldd6 . , . oOO  1 6y , 1 7 b . , Ad / 

ir'AJigL  OhIA  CiKCl),i— l,7)/.Al,.06,.A6,.03,.Ob,.b,.by/ 

d loo  OAI  A (Cl  OF  ( I ) , 1=  1 , b)  /6  16  00  . ,dbobO  . , 3 I'dOO  .,d  1 ld7  .,  1 7 J60  . / 

ddOO  0/W  A (0LH< n , 1= 1 ,7 ) /7+6 .y  1 / 

dOOu  OaIA  (FKC‘’OCl),l”l,/7/.7b,.7b,.7b,.7b,.7b,./b,.7b/ 
dOlO  OAIA  NFfcoCC  1 ),NFt.AC(d)/l  A3,0d/ 

d3dO  OAIA  (i\iFf.AO(  1 ) , I = 1 , b ) /16  16,'d3d6,  AAb,db  1 , bAb/ 

d330  OAIA  CFC  , NHli/9  b . , 06  b/ 

dAOO  00  0 I=1,NF1L 

FAIO  ML=U 

dAbO  LL.=  LLL  = 0 

dAbb  Ib  ( (NDKNC  1 , 1 ) .G1  .0)  .ANO.  ( N E.OL  ( 1 , 1 ) . LO  . O ) )iViL  = LL=  1 
d bOu  Ot-i  A J=  1 , 1 0 

db  1 0 I K ( (XL  .h  0 . I ) . ANO  . (MF.oh  ( 1 , J)  .0  1 .0  ) )ML  = LL=0 

dbdO  Ih  ( NOh  N ( 1 , J ) . to  . O ) LL=0 

dbbO  i\LIn=NN=0 

d6()U  X0UN=0. 

d7U0  00  b b= 1 ,b 

dbOO  b AOOM=XOlJN+lri(K)+i\FtKe(K)*C10F(K) 

dyoo  h coo  ( I , J,  1 ) = NLitN  ( 1 , J)  ♦(  LCmL(  1 ) ♦ Ih  (6)*NFfc./\C(  1 )*C  I C(  I ) + 
dy  lOt-  ( 1 -LCAL(  I ) )*  1k(7  )*NFLKC(d)+ClC  (d)  + I 6(7  )*NFtKK*C  lK  + 
dydO  + . 1 >hXOUN  )’hAlNb(J)/((l+Ulb)>t>*il)/NlUbN 

0000  bC0b(l,J,d)=Nbub(I,J)*(UC0b(l)+dO.)*XlNh (J)/(( l+OlbY^^J) 

JIOO  X0UX=0. 

OdOO  OP)  6 b=l,b 

3 000  6 aOIjN=XOUXi*OLH(  K> /F6k)0(b  ) 

JObO  XOUM=XOUN/b. 


A.  4-3 


BESTAVAIL^S'EXOPY 


1.  Computer  Program  "TMDE"  (Cont) 


3^00  t Cfcbt  J>3)  = i\Ufe.NCI  , )*DLH(7  ) /KK0D<7  ) +LCAL(  n*ht,C(  I ) 

3^1  0 + .fbLH  (6  ) /r-Kt-'UCt  ) ' 1 -LCAL<  I > )*H3C<  1 ) ♦ULh{7  ) /rKUb(7  ) +NHb 
3A^.U  + + ^DUM)*MnK(  J)/(  ( 1 +UIb)**J) 

3bOU  fc.COb  ( 1 » J»  4)  = iVfct/b  < J)+W1  Cl  )»XM1  ( I >*bHC*AlW)'  ( J)  / C C 1 +L1  3)  *♦  J ) 

3A00  H Ct)b  ( 1 > J>  b)  = NUh.N(  1 # ( I ( 1)  ♦bhC*  Ch  AIL  < 1 ) + C 1 - LLAL  ( 1 ) ) 

3 A 1 0+*i\CAL  ( 1 ) ) >t-AINF  C J)  / C < I +U1S)  ♦♦J) 

36bU  ih  C (NtUbC I , J) .G1 .0) .ANU. C LL . KJ  .U > ) NL 1N= 1 

37  00  h CPLSC  I > J>6)=NDFi\<  I , J ) * . 1 2 5*F  A I L ( 1 ) * UCfcb  ( 1 ) *A  1 MF  ( J ) / ( ( 1 + L I 3 ) * * J ) 
3b00  FC(;b  C I , 3,7  ) = ( NL I ( 4b0  . -OML 1 iM  ( I ) + b lU  . )-*-LL*  1 60  . ) *Aii\F  ( J ) 

3blU+/( ( 1 +Ulb)**3) 

3bbU  IF  CNLllv  .FO.  1 )LL=  1 

3 you  t C03  ( 1 , Jjb  ) = .i;3  + lNULN(  1 ,3)*UC0b(  1 ) ♦LL*A  1 i\F  ( J ) / ( ( I + 0 i 3 ) ♦ 4 J ) 

3^10  IF  C C(VF  Ob  C 1 , 3)  .G  I .0)  .A^U.  CLLL,  to.O)  )NN=  1 

AUUO  LCLb  ( 1 , 3,y  ) = NN4.A0PF>C  1 > *CPP*A1NF  (3)/C(l+U13)*  + 3) 

30  10  IF  CNN  .F  O. I )LLL= 1 

3luO  t.C03Cl,3,  10>=NLObCl,3)*CPC>FXlNFC3)/C  C l+bI3)  + *3) 

3200  F C03  C I , 3,  1 1 ) = - . 1 *NLOL)C  I ,3)  ♦UC0SC  I )»AlNF  (3)/CCl+0i3)»*3) 

3300  3 LCNlINOt 
3300  3 CONiiNOF 

3biJO  PkInIj*  IlF.M  N0.  YLAk  C03l  C0i''.C;o3l  + 

3600  DO  7 i=l,NPlL 

37  00  rPlM  300,i\A|V,F.  C I ) , I 

37 bO  300  F0KMA1  CAb,I3) 

3b00  CuML03=O. 

3y00  UO  b 3= 1 , ! 0 

bOOO  XLiUPf=0. 

b 100  uF  y K=  1 , 1 1 

b«sO0  y X0uP.=  AbljPi  + FCeb(l,3>K) 

b300  C0P)Cl'3=  CUNC03  + XOUM 

b30o  b Pnlivtl  lOO,  NtK(3),  XbOPi,  OOPiCOb 
bbOU  lUU  FOKMAl  C 1 1 7 ,2 F 1 3 . 2 ) ' 
b600  7 CONI INOF 

3700  bb I N i , * nON-PIL  OkOUP  CG3I3* 

bbOO  Pbli\l,=F  YFAb  C03  1 CUMOOblt- 

by 00  0UPiC(3=0. 

6000  LH  lo  1=1,10 
6 100  AL)L'K=0. 


6200 
C.  300 
63bO 

6 300 
6600 
6700 
6bOO 
6yoo 

7 ooo 
7 1 00 
7200 
7300 
7 300 
7boO 
7 600 


00  11  3=2,NPIL 

00  12  A=l,ll 

12  AOO|V,=  aOOiY+F  C03(3,  1 ,H) 
11  CONllNOF 


C0PC(13  = CUMCC3  + X00M 

10  2k1M  lOO,  nYkCI),  XOOM,  COMC03 

PhINl,+  00  Y0O  WAN  I Gb0OP  bpLAKWO 1 bY  0031  LLLNLNT,rt^ 
kFAO, AA 

IF  CAA.Nt  .3Hrt  3)0010  13 

PkInI,*  rFAK  FLEMtNl  003  I ♦ 

OP  13  1=1,10 
PKlNl  20o,NY6Cl) 

OC  1 b 3=  1 , 1 1 
XOON^O • 


0(  16  K=2,NP1L 


BESFAV 


All  »r.n: 


A.  4-4 


I 


I 


1.  Computer  Program  "TMDE"  (Cont) 

7 7UU  ^OU  (lb) 

7 euu  1 (■  AUl  i'v=  AL-I  iri  + t- l,('b  ( K j 1 j J ) 

7Vl)u  lb  HelM  viUU  > 1 ( J ) * AuUi''. 

C>UUU  \A  r. t ■I'J  1 1 

« U'u  -.100  KCkMAI  (Albil-lA.ii) 

ttPUU  IJ  PeliM.*  u(  yk,u  WANI  HKKAKfciUl  bY  Yfcb  t/K  > 

bJUO  K^Au^AA 

bAOu  IH  ( AA  . i\'h.  • 3 M Y K b ) (.i  P I t!  17 

bbOO  lb  PblNlj*  ItPt  1 I t-M  NAMk.>  Nli3.*^ 

o6U0  r\t.AU>  bb#l 

VUOO  YIAk  t-LtMtiMl  COol^ 

\t  1 UO  Ul  <i.\  J=  1 J 1 U 
VciUu  rnlivl  tJuu  » I'iY  ('.  ( J ) 

V In-  A = 1 > 1 1 

‘■J  Ain)  Art  b/  v 1 i''J  1 3 OU  » i^b I ( A ) > 1 C b b ( 1 * J > K ) 

V bOU  A\  CC  i\  I INUI 

V(  utJ  r"' r>  1 1\  1 > MCiivH  1 Ibi^.b^  YKb  blv 

V7uu  t\tAbj  A7\ 

'ycJ'J  U ( AA  . b .bbYh  b )(il  I b lb 

Wb-J  17  l^blM>+  UO  YOU  l.Ai\l  If.  /iNOll-itb  UAbh  > It.b  k'i. 

lUOOO  y\1.AU»AA 

lOlUO  17  (AA.iMi-  .3MYhb)G0l0 

IU'--I0U  KhWliNiU  b 1 GO  10  1 

1 obuO  V y b I ( b 

lUAUO  7AU 

t'.'c-AUr  . 

()7  GO 

7 l I . GLUj  1 i^'Ue. 
k7  AUl  . 

(>7uu  7'J\  1 iNi  1 j *N7'’ 1 L L17L  GtCLb  lOlALb* 

7 / lU  UG  3b7  1=  1 j 1 1 

b7t;U  ACOo  = U. 

b/bU  UC  3bb  J = b;*i\blL 

7 7 AO  U(j  3A'-J  b=l»lU 

67bO  rji^y  AC0b  = AGOb  ( jj  K,  1 ) 

6760  Ocid  COiViliAUL 

677U  Jb7  7'r.I,\  j 300#  iNGAl  ( I ) j AGOb 
UblO  nrKlNU^T'lL  L17L  GiGLt  iOlHLb  + 

V bbU  Ufci  Ob  1 b= 1 » I 1 
Vb30  AG0b=O 

vbAU  in:  33‘n  K=l#iu 

Vbbo  333  ACi;b  = AGOb  + 7.G0b(  1 #K»  J) 

Vbf;U  33  1 7"r.Ii'.i  300  # A'O  A 1 ( J > # AGOb 

'7'>UU  An  i l\  I t * UU  Y L u IvAiMl  10  KUN  ANUlHtK  GAbb  # Ybb  Ot\  l\0+# 


2.  Computer  Program  "TMDE  1" 


lUU  PKPt^KAyi  IMUt  1(  1 NPU  I > UUIHUT  * 1 APL'd) 

POO  LilMFiMSION  NtKC  1 U ) . fc.CO  i>  ( 2y  > lOj  M 1 0 ) > Nt  UU  ( / 1 U ) > iNiAKK  (P-?  ) > 

P 1 0+NCAl  ( 1 1 ) ( 1 O)  > rMUfc.N(P9j  lU)>l^(7)>C10b(b),ClC(P)*  MPtKb  (P  ) > 

PPO+i\Pt_l\0  ( b)  , LCAL  (Py  ) #UC0b<P9  ) j AMHCPy  ),  ULm(7  ) ,PK00(7  ) , 

P JO-*-HijC  (py  ) , 01  (py  ) > XM  I (P9  i ,FAIL(Py  ) » FMl  (P9  ) * AUPP  (py  ) , 

P-^O+NOALCPy  ) #ML1M(P9  ) 

000  I PKliNJl,*  IMUK  LIHK  CYCLh.  CObl  tVALUAiiON + 

400  PKlNT^*  GKOUP** 

boo  ^KAU^OFILt. 

600  CALL  Ut I (bhlApPP,GFlLt»U,0) 

700  KtAU  CP,)L>L>L*L 

ttOO  Kk.AO  (P,  )L>L*NPiL}.  NPIL=NPIL+1 

yOO  UO  P 1=  1 >i\iPlL 

1000  .aFAO  (P,)  L>NAME:(n 

1 iOO  htAU  (P,)  L>L>  LOAL(  1 ) # L#UC0b  ( I ) XPiH(  1 ) 

IPOO  htAU  {P>)  L>L>  Hi)C(  I ) >L,  W1  < 1 ) >L>  APiI  ( 1)  ,L#FAIL(  I ) 

I3o0  AU  (P>)  L>  L>  F MI  C I ) * L j AOPP  ( 1 ) »L^  MLIiM(  I ) * L>  NCAL<  1 ) 

1400  isk  AU  CP>)  CL>ivrK(J>^L#ivEOb(I^  J)>L^iMEuU(I>  J>>L^NDEi'v<l^  J)>  J=  1>  10) 

1600  P 00i\IINIJE 

1700  UAiA  (cMCAI  (I  ),  1=  1 , I I )/BHIKAIMNG»  bhPOKCHAi>E>yhPEKbOivNEL# 

1 7 1 0 + 1 OMF  iKb  1 DEbl  .9h'l  KANEPOkI  > 1 OHCONbUMbLEb  « y h 1 N1  kOUoCK  > 

1 7PO+7hh0L01('JG>  yhOOCUMENl  b*  7hli\bl  ALL»  BHOibPObAL/ 

ICOO  0A17\  ( Al  IMF  ( 1 ) , 1=  1 , 1 0 )/ 1 . > 1 . 1P>  1 .PP»  1 .33^  1 .40,  1 .46, 

lb  10+1  .b3,  1 .60, I .67 , 1 . Ib/ 

lyoo  O/UA  ulb,iNii0Ei\,ClK,0  1C<  1 ),C10<P),bHC,CPP,NPEr;K 
lylO  + /.  l,oP4l  1,ppObo. ,PbOP4. , 4 1PP6 . , .OoO 1 6y , 17  b . , 4P/ 

POOO  UAIA  ( 1 ( i ) , 1=  1 ,7  )/ .4  1 , .36,  .46,  .33,  .3b,  .b,  .by  / 

P 1 00  UAIA  CO  H)P ( 1 ) , 1 = 1 , b ) /3 1 630 . ,PbOb3 . , 3 1P33  ., P 1 1P7  . , 1 7360 . / 

PPOO  UAiA  (ULh( I ) , 1= 1 ,7 )/7*6 .9  1 / 

P300  UAIA  (i-kOUC  1 ) , 1=  1 ,7  ) / .7b,  . 7b,  .7b,  .7b,  .7b,  .7b,  . 7b/ 

PjlO  uAlA  iMPF  r>C  ( 1 ) ,NPEKC  (P  ) / 1 43, 3P/ 

P3PU  UAIA  (NP*-  < . ■>  , 1=  1 , b)  / 1 61  6,P3P6,  44b,Pb  1 , b4b/ 

p33U  UAIA  CPU  Vb.,36b/ 

P4UO  U(  3 i=l,i\(rlL 
paIO  i■■|L=0 
PAbO  LL=LLL=U 

P4bb  Ik  ( C ,.UElM  C I , 1 ) .01  .0  ) . AiMU.  (iMEUb  ( 1 , 1 ) .EO  .0  ) ) ML  = LL.=  1 
PbOO  Ul,  4 3=1,10 

Pb 1 O IF  ( (ML .t  O . 1 ) .AMU . (NEOb ( 1 , J)  .G  l .O  ) )ML  = LL=U 

PbPO  IF  (NUKWC I , J) .t  0.U)LL=U 

PbbO  MLlc\  = iMM=U 

P60U  AUUm=0. 

p700  Ut  b h=l,b 

Pboo  b AUUM= AUOM+ I K ( K ) ♦NPEKOCK ) *0 1 OP ( K) 

pyoo  F C(.o  ( 1 , J,  I ) = i\'UF  N(  1 , J)*  (LOAL  ( I )*  ln(6  ) ♦MPt  K0(  1 )*C  1 0 ( 1 ) + 
py  1 0 + ( 1 - LOAL  ( 1 ) ) + 1 IV  ( 7 ) + NPF,f<C(P)  ♦CIO  (P  ) + I h ( 7 ) + NF'F.rvn  + 0 1 tv  + 

P VpU  + . 1 +AUUM ) ♦a  1 MF  ( J ) / ( ( 1 +U I b ) **J ) /N I UEM 

3 00  0 F Ot  b(  1 , J,P  ) = mF  Ob  ( I , 3)  *(  UCOb  ( 1 ) +P0.  ) + AIi\F  ( J)  / ( ( 1 + U1  b)  ♦ + J) 

3100  /UUM=0. 

3P0U  UL  6 K= 1 , b 

3300  6 AUl  ,'M=  ALiL'M  + DLH  ( K ) /PKOU  ( A ) 

3330  AUUl' = AUOM/b  . 


A.  4-6 


BEST  AV/L'SLE  COPY 


t 


2.  Computer  Program  "TMDE  1"  (Cont) 

t Ct.i;  ( 1 # J*  J)  = tN;bfc.N(  1 * J)»<  AMh<  1 )»ULH(7  ) /J"K0U(  7 ) -t-LCMLt  I ) ♦r.bC  ( 1 ) 

.1^1  H++l)Lh(  6)/h'Kt5U(6)  + ( 1 -LUALt  1 ) 1 ) *ULH(  7 ) /P^UU(  7 ) +iMhO 

JbUO  hCl  1 fJp^)  = i\tuB<  1 jJ)*Wl  Cl  )*AM1  ( I 

JbUU  t,Ctib(l,J,b)  = ND£NCl#J)*WT(l  )#i;*FMI(l  ) ♦ijHC*  < FAl  L ( 1 ) + ( I -LCAL  ( 1 ) ) 

36  lU  + tiVCAL(  I ) )*A1NF  ( J)/C  < l-»DIis)*»J) 

36S0  ih  ((NhGb<l*J).Gl  . 0 ) . ANU  . < LL  . tt/ .0  ) > NL I N=  I 

37  00  1 # J*  6 ) = NDE:NC1  , J)*.  I25*FA1LC  I )*utk)3(  1 J^AINE  ( J)/(  ( 1 + L.J  o)  *>tvj) 

3bUO  t-  C I ( 1 / J#7  ) = (NLI  N*  ( AbO  .*MLHvi<  l)+blU.)+LL4:16U.)*AiNh  (J) 

3blU  + /(  C 1 +Ulb)>i‘t<J) 

1 H ( ivl.  1 1\  • Ku  . 1 > LL=  1 

3V0U  h UOl  ( 1 j J,  b ) = .2  3*NDE:nCI  * J)*UCe3<  I )*LL*AliVi»‘  (J)/(<1*U1:j)=<*u) 

39  10  If  ( (I'Jf-  uf.  ( 1 » J)  .G1  .0)  .ANb.  CLLL.Eb.O)  )NN=  1 

AUUU  t Cli  ( 1 , J,9  ) = NN*Al,Pb(  I ) ♦CPP*A1NE  (J)/((l+blb)»*J) 

AO  10  ih  ( i\i\J  . t 1.. . 1 ) LLL=  1 

A 1 ut,  lL  I b ( 1 ^ J>  lU)=Nt.Cfa<  1 j J)’t‘CbC*AI^E  ( J>  / < Cl  + bl  O)  *=*■  J> 

Ai.<00  b.0(  1(1  jJp  1 1 ) = -.  l*iVft.bCl  ,J)*Llbb3(l  )+AlM'(J)/((l+L.10)^>o) 

AJOU  A LClVllNUt 
AAv<0  o 0 f I'M  I I OL'I'. 

'■iboU  ri'.  1 IV 1 » ■+  1 1 Li-i  NC«  YLAk  CUbl  Cli-'LLai-* 

AbOU  Ui  V I=l,(\;rlL 
a7uu  bhlivl  AUU#  NAWt  ( 1 ) / 1 
A7bU  AUU  H0I':(''AI  (A8,13) 

A o C.'  0 O u I'lO  L'  b — 0 • 

A9UU  bo  b J= 1 # 1 U 
buuu  AL>Li-=U. 

1 UO  L'C  9 K=  1 , 1 1 
3200  9 >.DU>i=ADbl'',+ECPb(  I > J#K> 
b3UU  OLiiiC£'b  = CLMCGb  + Xbbh 

bA(.u  iOmIOI  100»  tVCbCJ)#  AUUM»  CUf'iCPb 
loo  M jvMAl  (I17#2F1A.2) 
ribuu  7 Ot  I'  I 1 ivuh 

',)7Uu  r/.ii'  1 ^ iVliV-blL  GKPUP  CpSlb* 

o^UO  YtAh  GOb  i GLPiGobl’* 

3900  GOiVGGb  = U. 

f.ouu  lk;  10  1 = 1 > 1 0 

6 100  A b U O'.  = O • 

d200  bO  11  J = 2*i'JblL 

6 300  bt.  12  K=  1 » 1 1 

6330  Ic;  AbbiV  = AbU^.  + f G'0bC  J*  i ^ h> 

6 AOO  1 1 CC>iv  1 1 NUh. 

6600  Gl.i'GI-b=GUt''iGMb  + ADUM 

6700  PUIivl  > *ivbiL  LIFE  GYCLt  TCTALb* 
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Computer  Program  "TMDE  1"  (Cont) 


I 


h7hi)  C0i\llNLb 

677U  JP.7  rKlNI  3U0>i\ChI  ( i ) , AC0b 

6cUU  bO  YDb  V;AM  liKtbP  bKt/VKbbl  bY  bbbJ  tLl- f'.H  M > Vbb  bn  Wk>  + > 

/)VUU  /.t- />l.  > A/a 

7oUU  ih  (AA.Nk  .oHYbbJbb'lb  13 

MUU  b.LtCl-iNil  bbil  + 

/ XUIJ  Ua  1 a 1=  1 > 1 U 
7 v'bb  Dll  » t\i  Y i\  < I ) 

/ Abb  bt  I b J=  1 j 1 I 
7 3U0  >ll)l.iM=0. 

7 6CJb  bi.  1 ('  K = £;>Nr'lL 
/7bU  bUO  k 1 r.i’iA  1 (13) 

7hUU  ir.  XbbX=  AbUt'+t  bL  3(  K,  1 , J) 

/VUU  13  r',.  liM  30(1,  i\CA  1 ( J ) , Aubki 
obOb  \ A C ( i\  I I i'lbh- 
c Klu  Juu  k i ni''iA  I (AlbiklA.i::) 

biiOU  13  k-|\l!\l,>k  b(  YLL  l.A'Ml  bbtAKbbl  fcY  ilti'i/  I Lb  bo  M;>k, 
b3b0  iLAb, AA 

6400  IF(AA.,NIL  .OMYLDObU  17 

HbOU  Ih  lYi^b  IIFri  i\AME,  NO.*, 

b 6 0 U o k A U , b b j 1 

VObU  bOl.'ll.*  YLAk  1 LLi^'iLM  Cbbl* 

9 10U  bU  ^ I J= 1 , 10 
'^bOO  oKlM  PUO,iNYk(J) 

S/JUO  bo  0=1,11 

V 4UU  i-'.t:  k^oliul  bUO  , i\bH  I ( O ) , k bl  3 ( 1 , vJ,  O ) 

VbOO  PI  COMIL'bk 

VAbO  PkINI,*  MCok  1111*3#  rkb  Co 
77  OU  ok  Al  , AA 

7bub  Ik ( AA .k b .3hY k o )0C I C lb 

VbiU  Llkf  LrCLh  lt'iAL3* 

Vbr'.U  bC  3b  1 b=  1 , 1 1 

VbJU  XCC3=U 

7«40  Ob  3bP  0=1,  lu 

7bbb  OOP  ACC3=  AbC.3  + k CC3  ( 1 , o , j ) 

7cb0  J3  1 k^olMl  3bU  , i\CA  I { J ) , Abl  3 

770u  rolNl»*L-l'  TMl  V.AlNl  IC  OUN  AvUlMt-K  bA3k  , Yfc3  bO  iNb*# 
lUOUU  okAb.AA 

1 O 1 UU  1 k ( • 3b  T k i ) (H.'  1 0 7 7 

1 UPOb  ok  b l.iib  P S (.0  I U 1 
10300  77  3 I Ob 
10400  kob 


APPENDIX  A-5 

TECHNICAL  DESCRIPTION  OF  PIL  TMDE 


1.  GROUP  A PIL  TMDE 

The  AN/USM-366(V)1  is  a wideband  spectrum  analyzer  with  a frequencv  r:inge 
of  10  MHz  to  40  GHz,  consisting  of  eight  individual  band  selections;  10  to  275  MHz; 
275  to  900  MHz;  800  to  2000  MHz;  1.  5 to  4 GHz;  3.  8 to  8.  2 GHz;  8,  2 to  12.  4 GHz; 

12.4  to  18.  0 GHz;  and  18.  0 to  40  GHz.  The  AN/USM366(V)1  has  osciUoscope-tvpe 
time  base  and  trigger  circuits,  and  is  operable  from  90  to  136  Vac  or  180  to  272  Vac, 
48  to  446  Hz.  The  input  impedance  is  approximately  50  ohms. 

The  CRT  display  plots  frequency  against  calibrated  output.  The  CRT  has  S x 10 
divisions  (each  division  = 0.  8 cm)  and  an  internal  graticule.  Overall  dimensions  of 
the  AN  ''USM-366(V)1  are  12.4  in.  long  x 19.  7 in,  wide  x 7.2  in.  high.  Standard 
accessories  include  BNC  cables,  coaxial  cables,  waveguide  mixers,  alternators, 
various  fittings  and  adapters,  light  filters,  fuses,  dust  and  rain  covers,  and  apowei 
cord.  The  electronic  circuitry  comprising  the  AN/USM-366(V)1  is  all  solid  state. 
The  commercial  model  number  of  this  PIL  item  manufactured  by  Tektronic,  Inc. , is 
the  491C. 

2,  GROUP  B PIL  TMDE 
2, 1 Group  IB;  CP-772A/U 

The  CP-772A/U  is  an  electronic  digital  counter  that  measures  frequency, 
period,  multiple  period  average,  time  interval,  ratio,  and  multiples  of  ratio.  This 
unit  is  a main  frame  with  a frequency  range  from  dc  to  50  MHz;  with  the  three 
plug-ins  described  below,  it  has  a frequency  range  up  to  12,4  GHz.  An  additional 
plug-in  not  described  below  extends  the  frequency  range  up  to  18  GHz,  The  CP-772A 
has  a gate  time  of  1 microsecond  to  10  seconds  in  decade  steps.  The  signal  input 


sensitivity  is  100  mVrms,  and  the  impedance  is  1 Mil  in  parallel  with  approximately 
25  pf  for  all  ranges. 


The  CP-772A/U  has  an  eight-digit  numeric  readout  tube  type  display  with  posi- 
tioned decimal  point.  The  unit  Is  approximately  18-3/8  in.  long  x 16-3/4  in.  wide  by 
5-7/32  in.  high.  This  PIL  item  la  manufactured  by  Hewlett  Packard  as  model  num- 
ber 5245L. 

2.2  Group  2B;  CV-2002/U 

The  CV-2002/U  is  a plug-ln  frequency  converter  used  with  the  CP-772A/U 
main  frame  to  measure  frequency  from  20  to  512  MHz.  The  unit  has  a 50  mV  sensi- 
tivity over  the  entire  frequency  range.  The  CV-2002/U  is  all  solid-state  circuit  design, 
and  is  manufactured  by  Hewlett-Packard  as  model  number  5243B. 

2.3  Group  3B;  CV-2003B/U 

The  CV-2003B/U  is  a plug-ln  frequency  converter  used  with  the  CP-772A/U 
main  frame  to  measure  frequency  from  150  MHz  to  3 GHz  in  50  MHz  steps.  The 
model  number  of  this  plug-in  is  5245 C. 

2.4  Group  4B;  CV-3059/U 

The  CV-3059/U  is  a plug-ln  frequency  converter  used  with  the  CP-772A/U  to 
measure  frequency  from  3 to  12.4  GHz  In  200  MHz  steps.  The  unit  model  number  is 
5255A. 

3.  GROUP  C PIL  TMDE 

The  432A  (ME-441/U)  is  a power  meter  that  measures  microwave  power  from 
10  to  40  GHz.  The  432A  is  used  with  an  external  temperature-compensated  thermistoi 
mount  (a  standard  accessory).  The  unit  has  seven  power  ranges  with  full-scale  read- 
ings of  10,  30,  100,  and  300  uW,  and  1,  3,  and  10  mW.  The  instrument  is  also  cali- 
brated in  dBm  to  read  from  -20  to  +10  dBm  in  5 dBm  steps.  The  accuracy  is  1^  of 
full  scale  on  all  ranges. 

The  432A  is  manufactured  by  Hewlett-Packard.  It  is  approximately  5-1/8  in, 
wide  X 6-3/32  in.  high  x 11  In.  deep. 
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